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MEETING  OF  DECEMBER  9,  1910. 

Present  :—Mt.  W.  H.  Gartley,  President,  Dr.  C.  H.  Sharp,  Dr 
A.  C.  McAllister,  Mr.  C.  O.  Bond,  Mr.  Preston  S.  Millar,  Gen- 
eral  Secretary. 

The  General  Secretary  reported  as  follows  : 

In  accordance  with  directions  of  the  Coimcil,  a  congratulatory 
cablegram  had  been  sent  to  the  Illuminating  Engineering 
Society  upon  the  occasion  of  its  inaugural  meeting.  An  ac- 
knowledgment of  the  receipt  of  the  cable,  as  well  as  of  the  con- 
gratulatory resolution  adopted  at  our  recent  convention  have  been 
received. 

Obeying  the  directions  of  the  Council,  the  American  Gas 
Institute  has  been  notified  of  the  interest  which  the  Illuminating 
Engineering  Society  takes  in  the  Zurich  Congress,  and  has  been 
requested  to  consider  the  Illuminating  Engineering  Society's 
desire  for  representation  on  the  American  delegation  to  thzt 
Congress.  The  receipt  of  this  communication  has  been  acknowl- 
edge^  '-with  word  that  it  would  be  placed  before  the  proper 
body  of  the  Gas  Institute. 

The  monthly  statement  showing  the  financial  status  of  the 
Society  was  submitted  and  considered  by  the  Council. 

Ninety-nine  (99)  persons  were  dropped  from  membership 
on  December  ist  in  accordance  with  a  resolution  adopted  at  the 
last  Council  meeting.  These  persons  were  delinquent  in  the 
payment  of  dues. 

Bills  payable,  amounting  to  $395.51,  and  approved  by  the 
Chairman   of   the   Finance   Committee,   were   ordered   paid. 

The  following  applications,  duly  endorsed  and  duly  approved 
by  either  the  general  Board  of  Examiners  or  Section  Member- 
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ship  Committees,  were  submitted,  and  the  applicants  were  elected 
to  membership: 

Blood,  Charles  E.,  Salesman,  General  Gas  Light  Co.,  N.  Y.,  Young's 
Hotel,  Boston,  Mass. 

EivLiNGER,  Edgar,  Engineer,  50  Church  St.,  New  York. 

GiLLiNDER,  Edwin  B.,  Glass  Manufacturer,  217  West  Penn  Street, 
Germantown,  Philadelphia,  Pa. 

HUNTTING,  J.  R.,  Gas  Appliance  Salesman,  184  Summer  Street,  Bos- 
ton, Mass. 

Kelley,  John  P.,  1446  S.  52nd  Street,  Philadelphia,  Pa.  (Photometrist). 

Kemble,  Parker  H.,  Advertising  Itg.  Expert,  360  Pearl  Street,  Brook- 
lyn, New  York, 

Mason,  Edward  Jarvis  King,  Prof.  Elec.  Engineering,  University  of 
Pittsburg,  Grant  Boulevard,  Pittsburg,  Pa. 

Richardson,  Henry  F.,  care  of  Henr;  C.  Meyer,  Jr.,  i  Madison  Ave- 
nue, New  York,  N.  Y. 

Strauss,  Lawrence  L.,  Electrical  Contractor,  13  East  125th  Street, 
New  York,  N.  Y. 

Trimble,  Milton  E.,  Special  Tungsten  Lamp  Representative,  General 
Electric  Co.,  30  Church  St.,  New  York,  N.  Y. 

The  resignations  of  Messrs.  H.  Reinach,  James  D.  Perkins  and 
Herman  vonHolst,  to  take  effect  December  31st,  1909,  were  re- 
ceived and  accepted. 

With  a  view  to  stimulating  and  maintaining  the  interest  of 
such  members  as  reside  at  too  remote  distances  from  the  head- 
quarters of  the  various  sections  to  enable  them  to  keep  in  touch 
with  the  activities  of  those  sections,  and  in  order  that  each  mem- 
ber of  the  Society  may  be  identified  with  some  section,  the  Gen- 
eral Secretary  was  requested  to  communicate  with  the  .various 
section  secretaries  with  reference  to  the  desirability  of  placing 
such  names  upon  their  rolls  with  regard  to  geographical  loca- 
tion. '       '    ;  ^ 

The  Report  of  the  Chairman  of  the  Finance  Committee  was 
read   and  accepted. 

REPORT  OF  THE  FINANCE  COMMITTEE. 

To  the  Council  of  the  Illuminating  Bngineering  Society. 

Gentlemen: — In  their  report  of  November  nth  your  Commit- 
tee gave  an  estimate  of  the  expense  of  the  Society  for  the  year 
1909,  based  on  the  vouchers  approved  to  October  12th.  This 
figure  was  $5,513.00. 
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Your  Committee  have  since  made  another  estimate,  based  on 
"vouchers  approved  by  it  to  date  and  have  obtained  approximately 
the  same  result,  viz:  $5,544.,  which  sum  is  $219.  higher  than 
the  estimate  of  April  8th,  the  first  estimate  submitted.  As  in 
the  last  report,  so  also  in  this,  the  above  estimate  does  not  in- 
clude the  sum  of  $500.  appropriated  from  surplus  by  the  Council 
on  September  9th  last,  nor  any  expenses  for  the  Municipal  Art 
Exhibit   for  which  a  special  appropriation  was   also  made. 

Your  Committee  called  attention  in  the  last  report  to  the  fact 
that  the  estimated  expenses  were  almost  covered  by  the  mem- 
bership dues  for  1909  collected  up  to  November  ist,  which  col- 
lections amounted  to  $5,465.  This  sum  is  only  $79.00  under  the 
latest  expense  estimate,  and  it  is  possible  that  this  difference  has 
already  been  made  up  by  collections  since  November  ist,  since 
at  the  time  of  the  last  Council  meeting  the  unpaid  dues  amounted 
to  $785.00  (150  members  in  arrears  for  year's  dues,  14  mem- 
T^ers  for  half  year's  dues — see  minutes  of  Council  meeting  of 
November  nth). 

Respectfully    submitted, 

(Signed)   J.   S.   CODMAN, 

Chairman. 

Estimate  of  Expenses  for  1909. 

Rent  (Jan.  to  June  at  $17,  July  to  Dec.  at  $33  per  month) $    300.00 

"General  Office  Expenses,  actual  to  Dec.  3rd,  I588.01 650.00 

New  York  Section,  pro  rata  on  8  meetings 338-Oo 

Transactions,  Mr.  Elliott's  estimate  of  May  I3tli 2,500.00 

(Actual  to  Dec.  3rd,  11,509.60.) 

Philadelpriia  Section,  pro  rata  on  7  meetings 187.00 

New  England  Section,  pro  rata  on  7  meetings 166.00 

Chicago  Section,  pro  rata  on  8  meetings i54-oo 

Badges,  Certificates  and  pins,  actual  to  Dec.  3rd 68.10 

Office  salaries,  vouchers  to  Oct.  ist,  $274.72;  Oct. -Dec,  I324.96  • . .  599-68 

Postage,  to  Dec.  3rd,  not  included  in  General  Office  Expenses 40- 50 

Advertising,  actual  to  Dec.  3rd 4-76 

Property 353-89 

Roll  of  Membership - 151.80 

■Convention,  reporting  Steinmetz 30-53 

15,544.26 

Communications  were  read  from  the  following: 

Mr.    A.    J.    Marshall,    Secretary    of    the    New    York    Section, 
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to  the  effect  that  a  division  of  membership  at  this  time,  in  the 
judgment  of  the  New  York  Section,  is  premature,  this  being 
in  accordance  with  a  resokition  of  said  section  on  the  occasion 
of  its  meeting  of  November  ii,  1909. 

Mr.  Edward  Wray,  Associate  Editor  of  the  "Raiha'ay  Electri- 
cal Engineer,"  requesting  an  exchange  of  pubHcation. 

The  request  was  acceded  to. 

The  Librarian  of  the  University  of  Michigan,  asking  if  it 
be  possible  to  furnish  the  Library  with  compHmentary  copies  of 
Vohimes  I,  IL  III  and  IV  of  Transactions. 

The  Council  directed  the  General  Secretary  to  communicate 
with  the  Librarian  in  question  in  an  endeavor  to  secure  Society 
membership  from  the  University  as  a  possible  condition  pre- 
cedent to  complying  with  the  request. 

The  President  appointed  Messrs.  V.  R.  Lansingh,  C.  A.  Little- 
field  and  E.  L.  Elliott  a  Committee  of  Arrangements  for  the 
Annual  fleeting. 

Messrs.  E.  F.  Tweedy,  A.  J.  Marshall  and  H.  Thurston 
Owens  were  appointed  to  act  as  tellers  for  the  annual  election, 
President  announcing  that  he  would  make  known  the  names  of 
two  additional  tellers  at  a  later  date. 

In  accordance  with  the  above  Messrs.  F.  H.  Kinnicutt  and 
Frank  B.  Rae  were  appointed  as  tellers. 

The  Chairman  of  the  Publication  Committee  reported  that 
there  are  very  few  copies  of  the  Transactions  of  the  earlier 
years  of  publication,  and  recommended  that  the  supply  be  aug- 
mented by  having  the  diminished   numbers   reprinted. 

This  matter  was  referred  until  the  next  meeting  of  the  Council, 
when  an  accurate  statement  of  the  cost  of  replenishing  the  vol- 
umes is  to  be  submitted. 

It  was  decided  to  extend  invitations  to  the  following  named 
gentlemen  to  become  the  guests  of  the  Society  upon  the  occasion 
of  the  next  Annual   Meeting: 

Messrs.  William  R.  Addicks,  John  W.  Lieb,  Jr.,  Walton 
Clark,   Dr.   A.   C.   Humphreys  and   Dr.   C.   P.   Steinmetz. 
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SECRETARY'S  ANNUAL  REPORT  TO  THE 
COUNCIL,  1909. 

To  the  Council: — 

The  Constitution,  in  imposing  upon  the  General  Secretary  the 
task  of  preparing  an  annual  report,  gives  no  indication  as  to  the 
character  of  scope  which  is  desirable  for  such  report.  Nor  does 
precedent  lend  any  guidance.  In  consequence  it  has  been  neces- 
sary to  choose  independently  in  these  matters,  and  it  has  seemed 
best  to  endeavor  to  review  the  year  in  the  hope  of  discerning 
the  significance  of  events  and  their  effect  upon  the  trend  of  the 
Society's  development.  If  I  shall  seem  to  wander  from  tiie  direct 
course  of  events  or  to  poach  upon  the  preserves  of  other  officers 
or  committees,  please  remember  that  there  is  hardly  a  phase  of 
the  Society's  activities  with  which  the  Secretary's  duties  Jo  not 
bring  him  into  touch. 

Membership. 

Analysis  of  Membership  Changes. — The  following  tabulation 
shows  a  brief  analysis  of  the  changes  in  membership  which  have 
taken  place  during  the  year. 

Change  in  Membership  During  1909. 

Not 
New  New  Affiliated 

Chicago      England        York         Phila.         with 
Section        vSection        Section      Section      Section  Total 

Members  in  good 
standing  at  beginning 
of  year io8  113  350  229  205  1,005 

New  members  elected 
during  year 53  18  49  58  28  206 

Reinstated i  o  3  i  i  6 

Resignations 7  9  21  19  21  71 

Dropped  for  non-pay- 
ment of  dues 29  7  23  10  29  98 

Deaths o  o  i  2  i  4 

Membership  at  end  of 

year 126  115  357  257  183  1,038 

Note. — The  classification  among  the  sections  is  more  or  less  arbitrary. 

Members  Dropped. — Numerically,  the  Society  has  a  little  more 
than  held  its  own.  And  this,  notwithstanding  the  dropping  from 
our  rolls  of  98  members  who  have  failed  to  pay  dues  for  the  cur- 
rent year.     To  drop  nearly  one-tenth  of  the  entire  membership 
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for  non-payment  of  dues  required  considerable  courage  on  the 
part  of  the  Council  of  a  society  so  young  as  our  own.  In  itself 
this  action  is  indicative  of  a  feeling  of  strength  by  those  who 
best  know  the  Society's  condition.  Of  those  dropped,  many  were 
men  living  in  remote  places  and  therefore  not  able  to  attend, 
either  general  or  section  meetings.  When  one  considers  the 
record  in  the  membership  which  is  directly  affiliated  with  sec- 
tions, the  figures  are  much  more   favorable. 

Increase  in  Members  Connected  zvith  Gas  Industry. — The  fea- 
ture of  membership  change,  and  one  which  does  not  appear  from 
the  table,  is  the  increase  in  the  number  of  members  connected 
with  the  gas  industry.  Due  largely  to  the  efforts  of  our  Presi- 
dent, and  more  or  less  as  a  direct  consequence  of  his  encum- 
bency,  the  proportion  of  new  members  added  to  our  roll  during^ 
the  year  who  are  connected  with  the  gas  industry,  is  over  50 
per  cent.  This  ratio  is  about  double  that  which  prevailed  at  the 
beginning  of  the  year. 

A^o  New  Membership  Campaign. — There  has  been  no  new 
membership  campaign,  and  we  have  had  this  year  no  new  mem- 
bership committee.  Such  accessions  as  there  have  been,  resulted 
from  the  applicants'  initiative  or  from  sporadic  efforts  of  indi- 
vidual members.  The  appointment  of  a  New  Membership  Com- 
mittee for  the  coming  year  should  receive  the  consideration  of 
the  new  administration. 

Deaths. — Five  deaths  have  occurred  among  our  membership,, 
as  follows : 

Mr.  J.  C.  Fish,  Charter  Member,  President  National  Electric 
Lamp  Association,  and  President  Shelby  Electric  Company,  Shel- 
by, Ohio. 

Mr.  Samuel  A.  Fisher,  associated  with  the  Philadelphia  Elec- 
tric Company. 

Mr.  T.  J.  Hayward,  associated  with  Bartlett,  Hayward  &  Com- 
pany,  New  York. 

Mr.  J.  T.  Marshall,  Charter  Member,  Assistant  Engineer  Lamp 
Works,  General  Electric  Company,  Harrison,  N.  J. 

Mr.  John  Ozanian,  General  Manager,  Pennsylvania  Gas  Fix- 
ture Company,  Philadelphia,  Pa. 
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Sections. 

Section  Activities. — No  new  sections  have  been  formed  during 
the  year,  although  consideration  has  been  given  to  the  formation 
of  a  section  in  Cleveland,  Ohio.  This  is  a  matter  which  will 
have  to  be  disposed  of  at  a  later  date.  A  brief  survey  of  sec- 
tional activities  during  the  year  appears  in  the  following  tabu- 
lation : — 

Chicago        New  England       New  York  Phila.         Total 

Present  officers  elect- 
ed in June,  '09        Jan.,  '09        Jan.,  '09       June,  '09 

Terms  of  office  expire    June,  '10        June,  '10       June,  '10      June,  '10 

Approximate  number 
technical  meetings 
held ^ 7  9  9  8  33 

Average    attendance 

at  meetings 50  30  40  85 

Number  papers  con- 
tributed to  Trans- 
actions      3  6  8  8  25 

Sections  Supported  by  Lighting  Companies. — In  each  of  the 
four  sections  the  support  of  the  local  gas  and  electric  companies 
is  enjoyed.  In  all  sections,  that  part  of  the  section  management 
assumed  by  persons  connected  with  the  local  lighting  industries  is 
rather  evenly  divided  between  the  gas  and  the  electric  interests. 
In  the  New  York  Section,  the  illuminating  engineering  interests 
predominate  in  the  management  of  the  section. 

Committees. 

Sub-Committee  on  Unit  of  Light. — One  of  the  Society's  im- 
portant functions  lies  in  promoting  the  cause  of  standardization 
in  its  own  field.  The  Committee  on  Standards  and  Nomencla- 
ture, through  its  Sub-Committee  on  Unit  of  Light,  has  already 
won  its  spurs,  the  past  year  having  witnessed  the  consummation 
of  the  Society's  efforts  toward  international  standardization  of 
the  unit  of  light  intensity.  This  movement,  inaugurated  by  this 
Society,  and  carried  through  in  co-operation  with  the  American 
Institute  of  Electrical  Engineers  and  the  American  Gas  In- 
stitute, working  through  the  Bureau  of  Standards,  has  been 
creditable  to  all  parties  concerned  and  has  been  of  great  assist- 
ance in  aiding  the  Illuminating  Engineering  Society  to  establish 
itself   technically. 
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Siib-Committcc  on  Photometric  Units. — Another  sub-commit- 
tee— that  on  Photometric  Units — has  taken  hold  in  a  manner 
which  bids  fair  to  bring  results.  Witness,  its  tenative  report 
presented  to  the  last  Convention. 

Proposed  ResearcJi  Committee.  Proposed  Sub-Committee  on 
Heterochromatic  Photometry. — This  year  the  time  seemed  ripe 
for  the  appointment  of  a  Research  Committee,  which,  like  the 
Committee  on  Standards  and  Nomenclature,  should  work  largely 
through  sub-committees  upon  such  questions  as  may  come  before 
it  from  time  to  time.  IMembers  assembled  at  the  Annual  Con- 
vention requested  the  President  to  appoint  a  Committee  on  He- 
terochromatic Photometry,  which  committee  w^ould  naturally  be 
a  Sub-Committee  of  the  Research  Committee.  The  Council,  to 
fulfill  Constitutional  requirements,  has  balloted  in  favor  of  the 
appointment  of  a  Research  Committee  and  a  Committee  on  He- 
terochromatic Photometry,  but  the  important  question  of  per- 
sonnel has  required  so  much  thought  that  the  appointments  have 
been  left  to  the  incoming  administration.  It  would  appear,  there- 
fore, that  we  may  look  forward  to  the  appointment  of  these 
Committees  in  the  near  future. 

Finances. 

Financial  Condition-  Satisfactory. — As  this  subject  will  be 
dealt  with  in  detail  in  the  reports  of  the  Treasurer  and  of  the 
Finance  Committee,  only  brief  references  will  be  made  here. 
Last  year  there  remained  a  surplus  of  $2,366.32.  The  Treasurer's 
report  for  the  present  year  shows  this  surplus  increased  by 
$482.28,  giving  a  total  surplus  of  $2,848.60  now  on  hand,  of 
which  approximately  $2,000  are  conservatively  invested  in  rail- 
road bonds.  In  view  of  the  fact  that  the  expenses  of  the  Gen- 
eral Office  have  been  considerably  increased,  and  that  a  con- 
tribution for  the  year  is  very  gratifying.  We  have  not  yet  quite 
attained  that  ideal  condition  laid  down  by  Past  President  Marks 
in  which  members'  dues  wouhl  entirely  cover  the  expenses  of  the 
Society,  while  all  income  from  advertising  in  the  Transactions 
could  be  devoted  to  research  or  some  kindred  subject.  It  does 
not  seem  too  much  to  expect  that  during  the  coming  year  this 
mav   be   realized. 
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Annuai,  Convention 


Convention  Successful.  Attendance  Small. — The  Convention, 
held  this  year  in  New  York,  N.  Y.,  was  very  successful,  although 
the  attendance  was  small.  The  program  was  comprehensive  and 
the  papers  in  number  and  C[uality  fully  ecjfualled  the  high  stan- 
dard set  in  the  two  previous  conventions.  As  an  adjunct  to  the 
Convention,  a  self-supporting  exhibition  of  lighting  appliances 
was  made  in  an  adjoining  building.  In  conjunction  with  this 
exhibit  there  was  an  educational  exhibit.  The  Convention  it- 
self and  these  exhibitions  suffered  in  attendance  by  reason  of  the 
Hudson-Fulton  Celebration  then  in  progress.  Neither  the  value 
of  the  proceedings  nor  the  merits  of  the  exhibitions  should  be 
judged  by  the  attendance  figures. 

Expenses  Met. — All  expenses  connected  with  the  technical 
proceedings  of  the  Convention,  were  borne  by  the  Society.  All 
entertainment  and  exhibition  expenses  were  defrayed  from  gen- 
erous contributions  by  manufacturing  and  lighting  corporations, 
in  particular  by  the  lighting  interests  of  New  York  City. 

There  has  been  same  feeling  that  if  in  the  future  equally  gen- 
-erous  contributions  were  received,  the  effect  might  be  to  tempt 
to  unduly  lavish  entertainment.  This  prompted  the  Council  to 
adopt  the  following  resolution : 

Resolved,  That,  while  the  Council  recognizes  the  indebtedness 
of  the  Society  to  the  New  England,  Philadelphia,  and  New  Yorl': 
Sections  for  the  successful  conduct  of  the  three  conventions  that 
liave  been  held,  it  is  the  opinion  of  the  Council  that,  in  holding 
future  conventions,  the  amount  of  money  which  is  raised  by  sub- 
scription, or  otherwise,  for  purposes  of  entertainment,'  should  be 
•greatly   restricted. 

Technical  Papers. 

Popular  versus  Scientific  Papers. — Every  paper  in  presentation 
before  this  Society  is  thereby  submitted  for  judgment  to  two 
tribunals ;  the  one  is  the  author's  audience,  the  other  is  the  en- 
tire membership  of  the  Society  and  interested  persons  through- 
out the  civilized  world,  wdio  refer  either  to  the  papers  in  the 
Transactions  or  to  reviews  of  the  papers  in  the  technical  press. 
We  must  desire  a  favorable  judgment  from  both  tribunals  and 
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since  the  second  is  much  the  larger  and  the  more  important,  we 
must  not  fail  to  give  it  due  emphasis  in  our  consideration  of  the 
problem  of  the  best  character  of  papers  for  presentation  before 
our  Society.  Undoubtedly  papers  dealing  in  an  elementary  man- 
ner with  elementary  subjects  are  of  great  value  when  presented 
from  time  to  time  before  sectional  meetings.  It  should  suffice 
briefly  to  review  such  papers  in  the  Transactions.  Undoubtedly 
also  papers  of  great  technical  value,  but  of  little  interest  to  the 
majority  of  those  who  attend  section  meetings,  will  make  their 
appearance  from  time  to  time.  These  may  be  reviewed  very 
briefly  before  section  meetings,  but  should  appear  in  full  in  oui 
Transactions.  It  is  submitted  that  it  is  a  mistake  to  dispose  of 
the  latter  class  of  papers  by  withholding  them  until  the  annual 
convention.  Most  papers  of  this  character  should  be  presented  as 
soon  as  they  are  available. 

Central  Section  Papers  Committee  Recommended. — There  is- 
reason  to  believe  that  the  best  policy  which  the  sections  could 
adopt  would  call  for  the  presentation  at  each  meeting  of  one 
popular  paper  and  one  paper  of  more  advanced  interest.  This, 
however,  would  require  for  presentation  as  sections  under  the 
present  arrangement,  about  30  papers  of  each  class  per  year, 
and  it  is  obvious  that  at  the  present  time  this  number  of  papers 
of  merit  is  not  available.  This  conditions  suggests  the  adoption, 
of  some  plan  whereby  papers  would  be  procured  by  a  central 
committee,  perhaps  with  membership  distributed  among  the 
various  sections.  In  this  way  the  most  valuable  papers  could 
probably  be  secured  and  the  average  standard  of  the  papers  would 
be  higher  because  a  smaller  number  would  be  required,  the  var- 
ious sections  in  many  cases  using  the  same  papers.  With  such  a 
committee  studying  to  procure  best  available  papers,  and  to- 
have  them  presented  in  a  suitable  manner,  it  would  be  possible 
to  present  any  suitable  paper  at  all  sections. 

Written  Discussio)is  Desirable. — A  good  paper  rarely  receives 
the  consideration  and  rarely  brings  out  the  discussion  which  it 
merits  at  any  one  section  meeting.  This  is  due  largely  to  the 
small  attendance  at  such  meeting.  It  is  suggested  that  an  effort 
be  made  to  develop  written  discussions  of  the  various  papers. 
This  would  become   feasible  if   such   a   central   committee  were 
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to  have  all  good  papers  printed  in  advance,  and  were  to  send 
them  to  a  carefully  considered  list  of  members  who  are  con- 
versant with  the  subject  dealt  with,  requesting  that  they  attend 
one  of  the  section  meetings  if  possible,  and  if  not,  that  they  sub- 
mit a  written  discussion.  In  this  way  the  interest  at  our  meetings 
could  be  enhanced  by  the  reading  of  written  discussions,  and 
the  value  of  our  Transactions  would  be  greatly  increased. 

Resolution  by  Council. — In  connection  with  the  question  of 
papers,  the  resolutions  adopted  by  the  Council  during  the  year, 
and  applying  to  papers  are  of  value  and  are  repeated  here. 

RESOLVED,  That  papers  read  before  the  Society  shall  be 
released  by  the  Committee  on  Editing  and  Publication  for  pub- 
lication by  the  technical  press  after  presentation  subject  to  the 
following  conditions : — 

That  no  paper  is  to  be  considered  as  presented  until  it  has 
been  approved  hy  the   Papers  Committee. 

That  no  paper  is  to  be  approved  for  publication  until  printed 
proofs  have  been  subjected  to  the  usual  correction  by  the  author 
and  the  Committee  on  Editing  and  Publication. 

No  paper  of  the  Illuminating  Engineering  Society  is  to  be  re- 
printed for  commercial  advertising  purposes,  except  by  written 
permission  of  the  Committee  on  Editing  and  Publication. 

A  periodical  to  be  considered  as  belonging  to  the  technical 
press  must  maintain  a  subscription  list  sufficient  to  permit  it  to 
obtain  second-class  postal  rates. 

Periodicals  belonging  to  the  technical  press  and  answering  the 
above  description  are  to  be  given  equal  opportunity  to  reprint 
papers  upon  making  written  request  to  the  Committee  on  Edit- 
ing and  Publication,  and  upon  agreeing  to  state  that  the  paper 
was  presented  before  the   Society. 

That  the  Committee  on  Editing  and  Publication  shall  be  author- 
ized to  copyright  any  or  all  papers  presented  before  the  Society, 
and  that  authors  of  papers  shall  be  advised  that  the  copyrighting 
of  papers  presented  rests  with  the  Society,  and  that  the  copy- 
right  shall   belong  to  the   Society. 

The  following  list  of  requirements  in  regard  to  technical 
papers    of    the    Society    was    approved    by    the    Council : — 

Papers   must  be   submitted   four   weeks   prior   to  the   date   of 
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meeting,  in  order  to  insure  their  presentation  and  to  permit  of 
the   printing  of   advance   copies. 

The  Papers  Committee,  at  its  discretion,  is  at  hberty  to  accept 
papers  for  reacHng  before  section  meetings,  with  the  understand- 
ing that  the  papers  are  not  to  be  reproduced  in  the  Transac- 
tions. Likewise  the  Committee  may  accept  for  reproduction 
in  the  Transactions,  papers  which  are  presented  at  technical 
meetings  by  title  only. 

Xo  matter  in  which  the  advertising  feature  has  undue  promi- 
nence,   is   admissible. 

Papers  descriptive  of  lighting"  installations,  when  such  in- 
stallations contain  no  new  features,  and  when  the  papers  contain 
no  new  and  valuable  data,  are  not  desirable  matter  for  the 
Transactions. 

Previous  general  publication  bars  matter  from  the  Trans- 
actions, except  that  the  Papers  and  Editing  Committees  are 
at  liberty  to  depart  from  this  rule  when  matter  of  special 
value  is  presented. 

Cost  discussions  are  acceptable  only  when  the  discussion  is 
limited  to  a  single  type  of  illuminant  in  any  one  paper. 

The  title  of  a  paper  should  be  reasonably  indicative  of  the 
subject  of  the  paper. 

Trade  names  should  not  be  used  in  technical  papers. 

Discussions  should  be  governed  by  similar  rules,  as  far  as  they 
are  applicable. 

A  lecture  or  an  address  may  be  delivered  before  the  General 
Society  by  request  of  the  Papers  Committee  or  before  a  Sec- 
tion by  the  request  of  the  Section  Board  of  Managers. 

The  Society's  Functions. 

Society's  Name. — When  this  Society  was  organized,  the  selec- 
tion of  a  name  formed  a  subject  of  much  thought  and  discus- 
sion. \'ery  wisely,  those  directing  the  movement  avoided  the 
name  Society  of  Illuminating  Engineers.  It  is  doubtful  if  the 
name  finally  selected  could  have  been,  or  could  now  be,  improved 
upon.  However,  it  was,  and  still  is,  somewhat  of  a  misnomer. 
The  record  of  the  activities  of  the  past  four  years  and  the  char- 
acter of  the  papers  included  in  our  Transactions,  demonstrate 
that  the  attention  of  the  membership  has  been  distributed  wide- 
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ly  among  a  great  variety  of  matters  relating  more  or  less  closely 
to  the  subject  of  illumination.  Illuminating  engineering  proper 
has  occupied  too  small  a  part  of  the  Society's  attention  to  war- 
rant the  prominence  given  it  in  the  Society's  name.  To  some 
slight  extent  the  Society  has  sufifered  from  a  misunderstanding 
arising  from  a  misinterpretation  of  its  aims,  due  to  its  name. 

Relations  with  Illunwiatiiig  Bnginccving  Profession. — There 
is  developing  a  degree  of  uncertainty  as  to  the  precise  func- 
tion or  functions  which  this  Society  is  expected  to  serve.  Some 
day  in  the  not  far  distant  future,  the  Society  may  have  to 
answer  for  itself  whether  it  is  primarily  an  exponent  of  that 
specialty  which  has  become  known  as  Illuminating  Engineering, 
or  is  primarily  a  Society  for  the  study  and  improvement  of  the 
art  and  science  of  illumination. 

Educational  Work  by  Society. — At  this  time  there  is  an  in- 
sistent demand  that  the  Society  undertake  educational  work  per- 
tinent to  illuminating  engineering.  From  all  the  sections  one 
hears  requests  for  elementary  papers  dealing  with  the  fvmda- 
mentals.  Undoubtedly  the  Society  can  be  of  much  value  along 
some  such  lines  and  it  would  appear  timely  to  consider  the  de- 
sirability of  undertaking  this  work.  All  the  work  of  the  Society 
is  in  a  sense,  educational,  but  in  this  case  the  demand  is  that  sec- 
tion meetings  be  given  over  to  talks  on  the  elementary  phases 
of  illuminating  engineering.  This  presupposes  a  considerable 
class  of  members  or  prospective  members,  who  desire  instruc- 
tion in  these  matters,  but  who  are  not  prepared  to  obtain  it  from 
available  text-books  or  magazines,  or  Society  Transactions. 
The  demand  for  such  work  will  probably  be  met  in  some  of 
the  sections. 

Proposed  Committee  on   Progress. 

Committee  on  Progress  Suggested. — It  appears  desirable  for 
the  Society  to  so  faithfully  record  progress  in  the  field  of  illumi- 
nation that  our  Transactions  shall  become  a  history  of  the 
art.  This  thought  suggests  the  recommendation  that  the  incom- 
ing administration  appoint  a  Committee  on  Progress  to  submit 
to  the  annual  convention  a  review  of  the  progress  of  the  year 
then   past. 
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General  Office. 

The  Society  suffered  during  the  year  the  loss  of  its  Assistant 
Secretary,  ]\Iiss  Westervelt,  whose  health  had  been  failing  for 
some  time  prior  to  her  resignation  in  the  late  spring.  In  passing, 
it  will  be  a  pleasure  to  members  to  note  that  Miss  Westervelt's 
health  is  improved  and  is  nearly  normal. 

The  services  of  Air.  Frank  D.  Shea  as  Assistant  Secretary 
were  secured  in  August,  and  he  is  now  in  charge  of  the  general 
office.  During  the  year,  the  duties  of  Assistant  Secretary  have 
been  enlarged  by  the  keeping  of  the  Society's  accounts  and  by 
the  reporting  of  the  annual  convention  and  the  New  York  Sec- 
tion meetings,  as  well  as  various  committee  meetings.  A 
larger  office  in  a  more  pleasant  quarter  of  the  United  Engineer- 
ing Societies  Building  has  been  procured  and  auxiliary  storage 
space  has  also  been  made  available  for  our  use.  The  Society 
has  purchased  during  the  year,  additional  furniture,  including 
a  director's  table,  rug,  chairs,  etc. 

With  this  new  office  available,  we  are  no  longer  forced  to 
accept  the  loan  of  a  sister  society's  office  for  Council  and  Com- 
mittee meetings. 

Summary. 

The  year's  developments,  taken  in  conjunction  with  the  records 
of  the  three  preceding  years,  indicate  that  our  Society  has  a 
real  and  distinct  field  of  enterprise ;  that  its  organization  lias 
been  justified  by  its  accomplishments ;  that  much  has  been  ac- 
complished which  without  it  would  probably  have  remained 
undone;  and  that  the  Illuminating  Engineering  Society  is  not 
one  of  the  unnecessary  and  superfluous  societies.  The  lighting 
industry  really  needs  an  organization  such  as  ours. 

If  these  things  be  true,  there  is  required  only  wise  adminis- 
tration of  our  affairs  to  make  the  Society  a  power  for  good. 

Respectfully  submitted, 
PRESTON  S.  MILLAR,  Gen.  Sec'v. 


NEW  TORK  SECTI0:N^. 


MEETING  OF  DECEMBER  17,  1909. 

Held  in  conjunction  with  the  National  Commercial  Gas  Assn. 
in  the  Concert  Hall  of  Madison  Square  Garden. 

Chairman  Elliott  presiding. 

The  Chairman: — When  the  first  movement  was  made  toward 
the  organization  of  the  Illuminating  Engineering  Society  the 
question  was  seriously  asked.  What  would  become  of  the  feeling 
of  competition  between  the  two  great  lighting  interests — gas  and 
electricity? — would  it  be  possible  to  harmonize  those  so  that  they 
could  work  side  by  side  in  a  single  organization? 

The  meeting  to-night,  which  is  a  joint  meeting  of  the  New 
York  Section  of  the  Illuminating  Engineering  Society  and  the 
National  Commercial  Gas  Association,  is  an  answer  to  that  in- 
quiry. It  is  one  of  the  characteristics,  I  believe — and  a  fortu- 
nate one — of  the  American,  that  he  seldom  lets  competition 
interfere  with  friendly  relations  and  legitimate  business  methods. 
So  far  as  this  organization  is  concerned,  its  one  purpose — its 
only  purpose — is  to  promote  a  better  use  of  light,  and  that  works 
to  the  interests  of  the  public  in  general  and  to  everyone  who  is 
serving  that  public  in  the  capacity  of  a  purveyor  of  illuminants. 
The  success  of  that  organization,  as  well  as  of  the  Association 
with  which  we  are  jointly  holding  the  meeting,  is  a  sufficient  evi- 
dence of  the   fact  that   I  have  stated. 

The  first  paper  of  the  evening  will  be  on  street  lighting  fixtures, 
illustrated  with  stereopticon  views,  by  Mr.  H.  Thurston  Owens. 

The  Chairman : — We  will  defer  discussion  of  this  paper  un- 
til after  the  presentation  of  the  second  paper  of  the  evening, 
which  will  be  on  the  subject  of  "Modern  Gas  Lighting  in  the 
Home,  Store  and  Office,"  by  Messrs.  Lansingh  and  Rowe,  to  be 
presented  by  Mr.  Rowe. 
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STREET  LIGHTING  FIXTURES. 


BY    H.    THURSTON    OWENS. 


Art  in  street  or  public  lighting  fixtures  is  not  an  engineering 
but  rather  an  architectural  problem,  but  it  has  not  been  handled 
as  such  in  this  country.  While  the  author  agrees  most  heartily 
that  we  need  the  aid  of  the  artist-architect  in  the  design  of  the 
fixtures  themselves,  no  one  is  in  better  position  to  bring  about 
a  general  interest  in  the  subject  than  the  engineer. 

Attractive  public  lighting  fixtures  are  an  asset  of  no  mean 
importance  to  both  the  company  supplying  the  light  and  the 
community  served.  There  is  no  surer  way  of  demonstrating  the 
desire  of  a  company  to  supply  adequate  service  than  to  maintain 
the  public  lighting  equipment  in  an  attractive  as  well  as  an  ef^fi- 
cient   manner. 

If  any  one  considers  this  a  mere  theoretical  exposition  let  him 
investigate  the  service  received  by  the  consumers  in  a  city  where 
public  lighting  fixtures  are  a  delight  to  the  eye  with  the  condi- 
tions in  a  city  where  the  fixtures  are  an  eyesore. 

When  the  cities  of  the  old  World  with  their  wealth  of  art 
treasures  and  historical  monuments  consider  it  good  business  to 
spend  thousands  where  we  sometimes  spend  hundreds,  surely 
this  is  not  an  abstract  subject,  but  rather  a  live  question  of  no 
mean    importance. 

The  history  of  the  great  luminants,  gas  and  electricity,  began 
with  public  lighting.  Gas  was  first  introduced  on  London  Bridge 
in  1807,  and  electric  arc  lamps  were  first  installed  upon  Avenue 
de  L'Opera,  Paris,  in  1878,  both  being  used  later  for  indoor  light- 
ing. What  is  true  of  the  original  lamps  using  either  gas  or  cur- 
rent is  true  of  the  later  types,  recent  examples  being  the  high 
pressure  gas  lamps  and  flaming  arc  lamps. 

Although  it  may  be  interesting  to  prophesy  as  to  the  lamps 
which  will  light  our  homes  by  considering  their  application 
for  exterior  illumination,  the  basis  upon  which  the  illumination  is 
purchased  is  of  far  greater  importance. 

Street  lighting  contracts  are  based  upon  service,  not  upon  so 
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many  cubic  feet,  watts  or  candle-power.  They  are  flat  con- 
tracts for  so  much  ilkimination,  whether  it  is  measured  illumi- 
nation or  not.  Selling  illumination  in  our  buildings  means  sell- 
ing service  and  service  means  maintenance.  The  practicing  Illu- 
minating Engineers  in  embryo  ar  the  employees  of  the  great 
corporations  which  not  only  sell  cubic  feet  of  gas  or  kilo- watts 
of  current,  but  also  maintain  the  consumers'  lamps  just  as  they 
do  those  lighting  the  public  highways. 

Service  is  what  the  public  want  in  their  homes,  factories  and 
workshops,  it  is  what  they  pay  for,  and  the  successful  company 
is  the  one  which  endeavors  to  supply  this  demand. 
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MODERN  GAS  LIGHTING  IN  THE  STORE,  OFFICE 

AND   HOME. 


BY    VAN    RENSSELAER    LANSINGH    AND    EDWARD    B.    ROWE. 


Progress  and  Publicity  are  the  passwords  to  continued  success 
for  any  producer.  Either  of  the  two  without  the  other  means 
only  partial  returns,  while  the  two  together  re-act  to  promote 
each  other  and  the  effect  on  returns  is  cumulative.  Progress  is 
here  intended  to  mean  successive  advances  in  the  efficiency  or 
quality  of  method,  material  or  article,  and  Publicity  might  be  de- 
fined as  the  honest  exploitation  of  such  advances  between  pro- 
ducers and  to  consumers.  There  can  be  no  disputing  the  fact  that 
during  the  last  five  years  marked  progress  has  been  made  in  the 
methods,  materials  and  appliances  connected  with  the  production 
and  utilization  of  artificial  light. 

Much  of  the  credit  for  this  advance  is  due  to  the  Illuminating 
Engineering  Society,  first,  because  it  makes  possible  the  free  ex- 
change among  physicists  and  engineers  of  the  results  of  inves- 
tigations and  experiments  and  the  fundamental  data  on  which 
real  improvement  must  be  based,  and  second,  because  its  delibera- 
tions and  discussions  have  forced  those  interested  in  or  con- 
nected with  the  lighting  game  to  realize  the  importance  of  this 
fundamental  engineering  data.  Furthermore,  it  has  brought  to- 
gether many  allied  interests  which  are  all  closely  connected  with 
the  subject  of  artificial  lighting  and  thereby  give  a  publicity  to 
the  diversified  phases  of  the  subject  which  would  not  otherwise 
have  occurred.  This  has  all  tended  toward  a  better  understand- 
ing of  the  problems  connected  with  artificial  illumination,  and 
in  a  measure  has  educated  the  general  public  to  appreciate  and  de- 
mand better  illumination,  not  only  in  our  streets  and  stores,  but 
in  our  public  buildings,  offices  and  homes. 

Many  of  us  have  failed  to  realize  to  what  an  extent  this  pub- 
lic education  and  advance  in  the  art  is  due  to  commercial  organ- 
ization, either  associations  or  independent  business  concerns,  par- 
ticularly to  their  publicity  work.  The  National  Commercial  Gas 
Association    and    the    National    Electric    Light   Association    are 
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really  doing  just  as  much  good  work  in  the  world  as  the  Ameri- 
can Gas  Institute  and  the  American  Institute  of  Electrical  Engi- 
neers, for  after  all,  the  ultimate  object  of  human  thought  and 
effort  is  to  benefit  mankind  and  this  is  mostly  accomplished  by 
material  things.  Hence  our  yearly  Electrical  Shows  and  Gas 
Exhibitions,  by  showing  the  constant  improvement  in  electric 
and  gas  appliances  are  doing  their  part  in  this  education  of  the 
public. 

Improvements  and  changes  are  so  rapid  and  the  shows  and 
exhibitions  reach  such  a  very  small  part  of  the  general  public  that 
recently  the  Gas  and  Electric  Companies  have  adopted  other 
methods  of  keeping  their  customers  constantly  informed  of  the 
march  of  improvement.  By  means  of  demonstration  and  display 
rooms  the  various  applications  of  gas  and  electricity  for  light, 
heat  and  power  are  shown,  and  the  construction  and  operation  of 
the  appliances  clearly  and  convincingly  explained.  Questions  per- 
taining to  lighting,  however,  cannot  be  fully  answered  by  the 
exhibition  of  a  light  unit  with  a  statement  as  to  its  cost  of  opera- 
tion and  illuminating  efficiency,  since  so  m.any  other  conditions 
influence  the  effect  created  and  the  satisfaction  obtained  in  any 
given    case. 

Realizing  this  fact,  several  companies  have  put  in  typical  light- 
ing installations  to  show  what  can  be  accomplished  with  up-to- 
date  equipment,  and  one  company  is  so  thoroughly  convinced  of 
the  value  of  such  installations  in  educating  its  consumers  and  the 
general  public  to  appreciate  the  results  which  can  be  obtained  if 
the  equipment  is  correctly  designed  and  located  for  the  purpose 
it  is  to  serve,  that  an  entire  building  is  being  used  to  illustrate  by 
examples  the  modern  ways  of  lighting  the  store,  office  and  home 

The  progressive  company  to  adopt  this  form  of  educational 
publicity  is  the  Consolidated  Gas  Company  of  New  York.  Dur- 
ing the  early  part  of  this  year,  the  four-story  and  basement 
building  at  No.  29  East  21st  Street,  New  York,  was  acquired 
to  serve  as  display  rooms  for  the  numerous  gas  appliances  on  the 
market,  and  to  contain  also  a  mo'lel  apartment,  a  full-size  exhi- 
bition of  what  could  be  accomplished  by  gas  for  lighting,  heat- 
ing and  cooking  in  the  home.  As  the  upper  floors  are  devoted 
to  general  office  work,  an  opportunity  was  presented  of  combining 
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in  the  one  building,  examples  of  display  window,  store,  office 
and  home  lighting.  The  plan  was  conceived  by  Mr.  Walter  R 
Addicks  and  has  been  carried  to  a  successful  completion  under 
his  direction.  The  immediate  supervision  of  the  work  was  under 
Mr.  H.  B.  McLean  in  charge  of  the  Appliance  Department.  Mr. 
H.  J.  Hardenberg  was  the  architect  and  Mr.  V.  R.  Lansingh  the 
Consulting    Illuminating    Engineer    for   the    company.       Fig.    i 


Fig.  I. 

shows  the  exterior  appearance  of  the  front  of  the  building  at 
night,  that  is,  from  directly  across  the  street.  Approaching  along 
2 1st  St.,  or  even  passing  on  Broadway,  one's  attention  is  forcibly 
drawn  to  the  building  by  a  huge  flashing  electric  sign,  indistinctly 
shown,  which  extends  from  the  second  floor  to  the  roof. 
The  most  noticeable  thing  in  the  photograph  is  the  blaze  of  light 
hi  the  windows,  the  lighting  equipment  of  wdiich  consists  of  12 
outlets  in  each  window,  at  present  with  a  single  reflex  lamp  at 
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each  outlet  with  satin  finish  Holophane  distributing  reflector 
and  clear  inner  cylinder.  Reflectors  of  the  concentrating  type 
would  increase  materially  the  already  very  high  intensity  on  the 
goods  displayed.  As  the  window  displays  will  be  made  up  en- 
tirely of  gas  stoves,  heaters  and  similar  appliances,  the  light  ab- 
sorption is  high  and  a  maximum  intensity  is  required. 

To  determine  the  actual  foot-candle  intensity  on  the  floor  of 


^0£ 
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Fig.  2. 


the  window,  an  illuminometer  test  was  made  on  the  evening  of 
December  8th,  readings  being  taken  at  the  stations  as  shown  on 
plan  (Fig.  2)  which  gives  also  the  elevation  of  window  and  a 
graphical  representation  of  the  foot-candle  intensities  obtained. 
It  should  be  stated  here  that  the  illuminometer  and  other  instru- 
ments used  in  this  test,  and  the  others  made  on  the  same  even- 
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ing,  were  calibrated  at  the  Electrical  Testing  Laboratories  the 
morning  of  the  tests,  and  that  no  adjustment  of  burners  for 
maximum  incandescence,  pressure,  consumption,  etc.,  were  made, 
the  lighting  equipment  in  all  parts  of  the  building  being  in  the 
normal  operating  condition  in  which  it  is  kept  by  regular  at- 
tendance and  maintenance.  The  lighting  system  had  been  in 
operation  for  five  months  or  more,  and  it  can  be  assumed  that 
the  results  here  found  will  apply  to  any  installation  which  is  being 
regularly  maintained.  Pressures  were  measured  by  U-tube  man- 
ometer and  gas  consumption  taken  from  the  meters  installed — a 
separate  meter  being  provided  for  each  floor.  A  sufficient  inter- 
val of  time  was  taken  on  each  test  to  allow  readings  to  be  taken 
with    fair    accuracy. 

In  addition  to  the  illumination  values  obtained  in  the  window 
several  readings  were  made  outside  the  window  on  the  sidewalk 
on  the  same  plane  as  inside  at  one  foot  intervals  as  indicated 
on  the  plan. 

OBSERVED  HORIZONTAI,  ILLUMINATION  VALUES. 

AND    SIDEWALK. 
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Supplementary  Data. 

Height  window  floor  to  ceiling,  10  ft.  2  in. 

Height  to  mantles,  8  ft.  10  in. 

Height  to  test-plate,  6^  in. 

Height  of  mantles  above  test-plate,  8  ft.  3^^  in. 

Number  of  outlets,  12. 

Number  of  burners  per  outlet,  i. 

Total  number  of  burners,  12. 

Total  gas  consumption,  cu.  ft.  per  hr.,  40  (estimated). 

Number  of  test-stations,  8. 

Average  foot-candles,  inside,  32.1. 

Average  foot-candles,  outside,  6,8. 
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It  will  be  noted  that  the  intensity  curve  falls  rapidly  as  we 
pass  from  one  side  of  the  front  glass  to  the  other,  due  to  direct 
reflection  from  inside  of  glass,  but  with  concentrating  reflectors 
in  place  of  the  present  distributors  the  slope  of  the  curve  will 
undoubtedly  be  even  more  abrupt. 

Turning  now  to  the  interior  cf  the  store  (Fig.  3)  one  is  im- 
mediately impressed  with  the  complete  and  attractively  arranged 
display  of  the  innumerable  gas  appliances  wdiich  are  now  available 


Fig-  3- 


for  domestic  use.  The  stoves  and  ranges  are  placed  along  the 
sides  of  the  room,  with  the  smaller  articles  on  tables  at  the  rear. 
As  it  was  necessary  with  such  dark  goods  (lis])layed,  the  color 
scheme  is  light,  side  walls  straw  and  ceiling  white.  Owing  to  the 
extreme  length  of  the  room,  and  the  conse(|uent  poor  daylight 
illumination  at  the  middle,  some  artificial  light  is  necessary  the 
greater  ])art  of  the  time,  and  the  illumination  from  the  four-light 
gas  fixtures  seems  to  blend  ])erfectly  with  the  daylight  illumina- 
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ticn  from  the  windows.  The  fixture  used  on  this  floor (  Fig.  4) 
is  a  special  eight-Hght  combination,  four  gas  and  four  electric. 
Note  particularly  the  similar  treatment  of  the  gas  and  electric 
outlets — the  gas  equipment  being  the  reflex  lamp  with  Holophane 
satin  finish  distributing  reflector  and  clear  inner  cylinder,  while 
the  electric  equipment  consists  of  bowl-frosted  40  watt  tungsten 
lamps  and  the  same  distributing  reflector. 

There  is  a  certain  popular  preference  for  gas  lighting  in  the 


Hi; 


winter  and  electric  lighting  in  the  summer.  The  usual  practice 
in  such  cases  is  to  employ  separate  outlets  and  equipments  that 
do  not  harmonize  in  the  least  and  serve  to  give  the  impression  of 
a  room  full  of  lighting  fixtures.  Combination  fixtures  of  the 
kind  illustrated  here,  besides  being  a  well-balanced  harmonious 
whole,  also  gives  the  maximum  attainable  efficiency  of  both  illu- 
minants,  with  a  considerable  range  in  the  choice  of  glassware 
available.     This  is  just  as  true  of  fixtures  for  upright  gas  and 
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electric  equipment,  except  that  the  maximum  attainable  efficiency^ 
meaning  by  that  the  hmiens  on  the  desk  plane  per  cu.  ft.  of  gas 
per  hr.  or  per  watt,  is  somewhat  less  than  for  pendant  units. 
This  is  due  to  the  practical  impossibility  of  designing  glassware 
whose  re-direction  will  fully  compensate  for  the  loss  of  light 
caused  by  supporting  the  light  source  and  glass  ware  from  below. 
To  obtain  certain  desired  effects,  however,  this  slight  loss,  and 
even  a  very  considerable  loss,  is  often  warranted. 

This  seems  to  be  a  particularly  good  opportunity  to  call  atten- 
tion to  the  great  similarity  of  the  two  light  units  on  this  fixture 
from  the  customer's  standpoint.  The  sources  of  light  are  both 
cylindrical  in  shape,  of  approximately  the  same  outline  dimen- 
sions, enclosed  in  glass  bulbs  and  supported  from  a  holder  or 
socket.  Both  can  be  lighted  by  the  pull  of  a  chain,  or  a  push  on 
a  button,  and  extinguished  in  the  same  way.  The  same  types 
and  kinds  of  glassware  can  be  used  with  both  and  similar  dis- 
tributions obtained.  When  they  burn  out,  the  source  is  thrown 
away  and  a  new  one  purchased  by  the  consumer,  or  in  the  case 
of  carbon  lamps,  supplied  by  the  company  which  furnishes  energy 
for  the  lights.  The  new  gas  mantle  of  course  must  be  adjusted 
for  maximum  incandescence  but  this  is  comparable  in  a  way  to 
selection  for  average  voltage  in  the  case  of  electric  units  and 
satisfactory  operation  is  dependent  on  this  adjustment  or  selec- 
tion in  either  case. 

Fig.  5  shows  the  general  shape  of  the  street  floor  and  the  lo- 
cation of  outlets  and  test  stations.  A  graphical  representation  of 
the  variation  in  foot-candle  intensity  obtained  is  shown  in  Fig. 
14 — the  results  of  the  test  are  as  follows : — 

OBSERVED    HORIZONTAL   ILLUMINATION   VALUES    FIRST    FLOOR. 
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Supplementary   Data. 

Maximum  dimensions  of  room,  91  ft.  x  23  ft. 

Height  to  ceiling,  12  ft.  x  o  in. 

Height  10  mantles,  10  ft.  x  o  in. 

Height  to  lesl-plate,  2  ft.  x  9  in. 

Height  of  mantles  above  test-plate,  7  ft.  x  3  in. 

Number  of  outlets,  7. 

Number  of  burners  per  outlet,  4. 

Total  number  of  burners,  28. 

Total  gas  consumption,  cu.  ft.  per  hr.,  93. 

Average  consumption  per  burner,  3.3. 

Pressure,  inches  of  water,  1.5. 

Total  area  of  floor,  sq.  ft.,  1745. 

Cu.  ft.  of  gas  per  sq.  ft.,  0.053. 

Number  of  test-stations,  10. 

Average  foot-candles,  4.64. 

L/umeus  per  cu.  ft.  of  gas,  87.5. 

The  efficiency  therefore  checks  very  closely  with  previous  de- 
terminations on  similar  installations. 

We  come  now  to  the  Model  Apartment,  the  general  arrange- 
ment of  which  is  shown  in  Fig.  5.  A  very  unique  daylight 
effect  is  obtained  in  the  dining  room,  the  two  windows  being 
boxed  in  and  the  interior  of  the  space  being  painted  a  matte 
white.  Three  standard  upright  mantle  burners  are  placed  be- 
tween the  windows  as  indicated  and  controlled  by  pneumatic  but- 
tons located  side  of  windows.  Pink  Rambler  roses  cover  a  trellis 
just  outside  the  window  and  the  deception  is  quite  successful. 

Stepping  out  of  the  elevator  we  enter  the  reception  room. 
In  one  corner  is  located  the  telephone  exchange  and  in  addition  to 
this  convenience  there  will  be  found  writing  materials,  current 
literature,  etc.,  and  comfortable  chairs  while  resting  or  awaiting 
friends.  The  color  scheme  in  this  room  is  a  dark  green,  the  walls, 
wicker  furniture  and  carpet  being  of  this  shade  with  the  door 
and  window  trim  and  ceiling  in  white.  The  hghting  equipment 
consists  of  one  eight  light  and  one  two  light  fixture  and  two  one 
light  side  brackets,  all  with  inverted  mantle  burners  and  art  glass 
globes.     Several  baseboard  outlets  are  also  provided. 

In  the  reception  room  near  the  telephone  exchange  is  located 
a  new  portable  form  of  instrument  for  color  comparison  under 
different  illuminants.     This  has  been  called  a  "sochrodometer,"-  a 
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word  derived  from  solar  (relating  to  the  sun),  chromatic  (per- 
taining to  color)  pseudo  (signifying  false)  and  comparimeter, 
therefore  meaning  false  comparison  of  sun  colors.  Either  end  of 
the  instrument  can  be  placed  against  a  window  to  obtain  the  day- 
light standard,  and  the  colors  travel  through  the  successive  com- 
partments on  an  endless  belt.  Provision  is  made  for  attaching 
to  this  belt  any  fabric  or  color  which  a  visitor  may  wish  to  trv 
under  any  particular  illuminant,  or  to  compare  under  the  different 
illuminants.     The  form  of  the  sochrodometer  is  shown  in  Fig.  6. 


Fig.  6. 


Between  the  reception  room  and  hbrary  on  either  side  of  the 
passage  are  located  booths  or  small  rooms  for  demonstrating 
the  great  effect  of  color  of  walls  on  the  illumination  on  any  given 
plane  produced  by  any  given  light  unit.  The  illustration,  Fig. 
7,  shows  the  three  booths  on  one  side  but  the  actual  difference 
is  much  greater  than  is  apparent  in  the  photograph.  Each  booth 
is  lighted  by  one  inverted  mantle  burner  with  clear  distributing 
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reflector  and  clear  cylinder  in  the  center  of  the  ceiling.  Control 
is  pneumatic  from  push  botton  on  wall.  The  curtains  for  the 
booths  are  all  faced  on  the  inside  with  material  of  the  same  shade 


Fig.  7. 


as  the  wall  paper,  and  the  colors  adopted  for  the  latter  are  as  fol- 
lows : 


No.   I   Salomn 
No.  2  Red 


No.  5  Blue 
No.  6  Cream 


No.  3  Cream 
No.  4  Green 

The  wall  papers  are  of  very  nearly  the  same  texture  and  any 
difference  in  the  illumination  obtained  can  be  considered  as  due  to 
absorption  by  color  alone.  Readings  were  taken  in  each  of  the 
Booths  I  to  5  to  obtain  some  comparative  figures  for  this  absorp- 
tion. In  each  booth  the  mantle  was  adjusted  to  give  as  nearly 
as  possible  the  same  candle-power  value  directly  below  the  center 
of  lamp,  as  measured  by  the  illuminometer  used  as  a  photometer. 
Since  the  equipment  was  the  same  in  all  the  booths,  the  distri 
bution  and  total  flux  of  light  would  be  approximately  the  same 
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when  the  candle-powers  at  any  one  angle  were  equal.  Then 
with  the  illuminometer  disc  2'  6"  from  the  floor,  foot-candle 
values  were  obtained  at  the  point  directly  beneath  the  lamp  as 
follows : 


No. 

Color 

Foot-candles 

Per  cent,  of  No.  i 

I 

Salmon 

3-34 

100 

2 

Red 

1.87 

56 

3 

Cream 

2.93 

88 

4 

Green 

1.67 

50 

5 

Blue 

2.36 

71 

Not  only  does  the  intensity  vary  greatly  with  the  color  of  the 
paper  but  the  character  of  the  reflected  light  is  quite  different. 
This  was  very  noticeable  in  making  the  illuminometer  settings 
where  the  color  of  the  two  fields  in  the  prism  varied  greatly  in  the 
different  booths.  It  may  be  interesting  to  note  here  that  very  near- 
ly a  perfect  color  match  was  obtained  in  the  test  in  Booth  No.  i, 
which  showed  the  highest  foot-candle  reading.  In  a  measure  these 
readings,  as  are  all  illuminometer  readings  in  fact,  are  only  indica- 
tive, since  so  much  depends  on  the  personal  equation  in  setting  for 
a  color  match  rather  than  for  intensity,  a  matter  which  received 
attention  in  Mr.  P.  S.  Millar's  recent  I.  E.  S.  paper  on  "Hetero- 
chrome  Photometry."  The  question  of  light  absorption  by  color 
and  its  effect  on  efiiciency,  as  well  as  its  physiological  and  psy- 
chological importance,  certainly  justify  the  illustration  and  ex- 
planation of  these  color  effects  to  the  general  public  and  the 
method  of  accomplishing  this  which  is  here  illustrated  deserves 
very  favorable  comment.  The  effect  of  different  illuminants  on 
the  same  colors  has  been  repeatedly  demonstrated  but  this  is  the 
first  instance  that  we  know  of  where  the  effect  of  one  illuminant 
on  different  colors  has  been  given  prominence. 

We  pass  now  to  the  Library,  (Fig.  8)  a  room  richly  and  ap- 
propriately furnished  and  decorated.  The  furniture  is  in  old 
KngHsh  oak,  as  is  also  the  wall  panelling  and  the  beautifully 
carved  mantle.  The  latter  deserves  particular  comment — it  is 
Klizabethan  in  style,  as  is  the  whole  room,  and  was  designed  and 
executed  especially  for  this  room  under  the  supervision  of  Mr. 
Hunting  of  Mr.  H.  J.  Hardenberg's  ofiice ;  it  emphasizes  the 
great  expenditure  of  both  time  and  money  that  has  been  made 
to  have  this   model  apartment   second  only  to  the   ideal. 
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The  lighting  fixtures  were  all  designed  for  the  room  and  are 
verv  well  illustrated  in  the  photograph.  On  the  mantle  are  two 
small  standards — quite  a  departure  from  the  customary  side 
brackets — equipped  with  small  upright  mantles  completely  con- 
cealed bv  amber  glass  set  in  hammered  bronze.  The  table  porta- 
ble shown  at  the  left  is  a  larger  edition  of  the  mantle  fixtures, 
with  a  standard  upright  mantle.     The  center  dome  is  not  only 
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very  attractive  but  performs  its  lighting  functions  quite  efficiently. 
The  gas  is  brought  into  the  dome  through  one  of  the  supporting 
rods  and  fed  to  a  standard  inverted  mantle  burner  equipped  with 
distributing  reflector,  which  while  allowing  sufficient  light  to  pass 
through  to  illuminate  the  amber  glass,  redirects  most  of  the  light 
uniformly  over  the  ground  glass  plate  closing  the  bottom  of  the 
dome.  Glare  is  therefore  entirely  eliminated  and  at  the  same 
time  the  required  reading  intensity  is  provided  at  any  part  of  the 
table. 
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In  the  center  of  the  photograph  may  be  noticed  a  specially  de- 
signed bookcase  portable.  Such  a  lamp  could  be  used  as  a  piano 
lamp  or  for  similar  purposes.  The  same  shade  without  the  base  is 
used  in  this  room  for  the  side  brackets — which  do  not  appear  in 
the  photograph.  Baseboard  outlets  are  provided  for  other  por- 
tables. 

Adjoining  the  library  is  the  bath  room,  done  in  tile  and  marble, 
with  porcelain  and  nickel  fittings.  The  light  units  are  placed 
one    on    either    side    of    the   mirror,    and    consist    of    Welsbach 


Fig.  9. 


"Junior"  mantle  burners  with  Holophane  upright  globe  No. 
2404  on  nickel  fixtures.  The  diffusion  is  such  that  glare  is  en- 
tirely eliminated,  and  the  distribution,  combined  with  the  high 
reflection  from  the  walls,  etc.,  of  the  room,  give  altogether  sat- 
isfactory  results. 

After  admiring  the  bath,  we  go  back  through  the  library  into 
the  dining  room.  Fig.  9  shows  the  daylight  effect  which  was 
mentioned  at  the  time  the  plan  of  the  apartment  floor  was  given. 
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The  true  effect  must  be  seen  to  be  fully  appreciated  however.  In 
the  dining  room  the  design  is  colonial,  the  wall  paper  and  rug 
being  in  blue  and  the  woodwork  white,  with  the  furniture  of 
mahogany.  The  single  lamp  brackets  are  from  the  "lamp"  motif, 
the  chief  feature  of  lighting  in  the  Colonial  period,  while  the 
dome  is  also  a  Colonial  adaption.  A  recent  issue  (December) 
of  the  Xcic  York  Illuminating  Engineer  has  to  say  on  this  sub- 
ject— "To  preserve  the  atmosphere  of  Colonial  times  not  only 
must  the  structural  features  faithfully  express  the  architectural 
types  cf  those  days,  but  the  furnishings,  including  the  lighting 
fixtures,  likewise  follow  the  prevailing  taste  of  the  same  period 
The  methods  of  illumination  at  that  time  were  oil  lamps  and 
candles.  The  former  made  use  of  the  glass  shade,  and  for  deco- 
ration glass  prisms  and  jewels  were  the  common  means  em- 
ployed." In  each  side  bracket  one,  and  in  the  dome  four,  junior 
upright  mantles  are  used. 

Several  baseboard  outlets  are  provided  for  the  chafing  dishes 
and  percolators,  the  method  of  attachment  being  shown  in  the 
photograph. 

W^  pass  from  the  dining  room  through  the  pantry  to  the 
kitchen,  the  only  features  of  the  pantry  lighting  deserving 
special  comment  being  the  small  inverted  mantle  burner  over 
the  sink,  where  good  light  is  quite  essential.  A  standard  upright 
mantle  with  opal  dome  and  bobesche  is  provided  for  the  general 
illumination. 

The  same  provision  is  made  in  the  kitchen,  a  standard  mantle, 
inverted,  with  opal  cone  shade  being  placed  near  the  sink,  and 
also  a  baseboard  outlet,  from  which  the  adjustable  bracket  outlet 
under  the  hood  of  the  range  is  fed.  Similar  equipment  is  pro- 
vided for  the  other  range  (Fig.  lo)  and  over  the  small  tables 
in  the  room.  The  central  ceiling  outlet  is  equipped  with  a  two 
light  reflexolier,  with  satin  finish  Holophane  distributing  reflec- 
tors. A  relatively  large  number  of  outlets  in  the  kitchen  seems 
to  be  justified  when  we  consider  that  it  is  here  that  our  food 
is  prepared.  Unclean  food  or  plates  served  in  the  dining  room 
would  certainly  not  pass  unnoticed.  Why  not  then  provide  an 
abundance  of  light  in  the  kitchen  properly  distributed  where  it 
is  most  needed,  so  that  such  occurrences  will  be  prevented?  Such 
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•^  procedure  seems  perfectly  logical  and  yet  the  kitchen  lighting 
is  far  too  often  left  to  a  single  ceiling  outlet,  generally  improper- 
ly ec|uipped. 

Desk  lighting  is  still  one  of  the  unsolved  problems  of  illu- 
minating engineering;  meaning  by  that,  that  there  is  no  one 
standard  method   which   is   universally   satisfactory. 

The  individual  lighting  of  each  desk  was  for  a  number  of  years, 
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and  still  is,  to  a  certain  extent — quite  satisfactory,  but  it  is  a 
method  which  has  numerous  serious  objections — particularly 
from  the  gas-man's  point  of  view.  There  has  been  developed 
recently,  however,  an  electric  equipment  which  has  been  shown 
by  numerous  tests  to  satisfactorily  replace  the  individual  desk 
lamps  and  which  overcomes  many  of  the  objections  to  the  latter. 
This  has  been  called  a  ''distributed  unit  system,"  and  the  illustra- 
tion (Fig.  ii)  shows  what  is  undoubtedly  the  first  installation 
•of  such  a  system,  using  gas.       Numerous  difficulties  had  to  be 
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overcome  in  this  particular  instance  before  it  was  certain  that 
the  proposed  equipment  could  be  put  in.  The  greatest  of  these 
difficulties  was  the  impossibility  of  running  piping  between  the 
ceiling  and  tioor  above,  making  it  necessary  to  use  the  old  ceiling 
outlets.  ]\Ir.  Addicks  conceived  the  idea  of  forming  panels  on 
the  ceiling  to  score  the  ceiling  slightly  for  the  pipes  and  conceal 
these   in   wooden   molding   connecting  the   proposed   outlets   and 


Fig.  II. 


forming  the  panels.  This  was  done,  the  molding  shown  in  cross- 
section  on  the  plan  (Fig.  12)  being  designed  to  harmonize  with 
the  border  molding  of  the  room. 

Twenty-six  outlets  were  provided  as  shown  in  the  plan  and 
each  is  equipped  with  a  single  Welsbach  reflex  lamp  and  Holo- 
phane  satin  finish  distributing  reflector  Xo.  6321  with  clear  inner 
cylinders.  Pneumatic  control  from  wall  buttons  is  provided  and 
has  proved  to  be  positive  and  reliable  in  service,  with  practically 
no  attention  required  after  it  is  once  adjusted  properly  provided 
it  is  not  attempted  to  control  too  many  lights  from  one  button. 
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On  this  flcor  the  outlets  are  controlled  in  threes  in  the  rear  of  the- 
room  and  in  twos  at  the  front. 

To  determine  the  illuminating  efficiency  of  this  type  of  equip- 
ment, readings  were  taken  at  the  18  stations  shown  on  plan,  it 
being  assumed  that  the  average  of  these  stations  would  give 
a  fair  average  for  the  entire  room. 

OBSERVED  HORIZONTAL  ILLUMINATION  VALUES.      THIRD  FLOOR. 
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Supplementary  Data. 

Maximum  dimensions  of  room,  84  ft  x  22  ft. 

Height  to  ceiling,  10  ft.  2  in. 

Height  to  mantles,  8  ft.  7  in. 

Height  to  test-plate,  2  ft.  9  in. 

Height  of  mantles  above  test-plate,  5  ft.  10  in. 

Number  of  outlets,  26. 

Number  of  burners  per  outlet,  i. 

Total  number  of  burners,  26. 

Total  gas  consumption,  cu.  ft.  per  hr.,  83.4. 

Averatje  consumption  per  burner,  3.2. 

Pressure,  inches  of  water,  1.6. 

Total  area  of  floor,  sq.  ft.,  1,680. 

Cu.  ft.  of  gas  per  sq.  ft.,  c.05. 

Number  of  test  stations,  18. 

Average  foot-candles,  4.57. 

Lumens  per  cu.  ft.  of  gas,  92.1. 

The  illumination  efficiency  agrees  well  with  the  constants  de- 
rived from  similar  installations  and  the  illumination,  it  will  be 
noted,  is  quite  uniform,  the  maximum  deviation  from  the  mean, 
which  occurs  at  Station  Xo.  i  in  the  corner,  being  only  45  per 
cent.  It  is  interesting  to  notice  in  the  photograph  of  the  office 
floor,  the  manner  in  which  the  illumination  gradually  and  uni- 
formly drops  off  from  the  floor,  up  the  side  walls  to  the  ceiling. 
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Comparing  this  with  the  photograph  (Fig.  13)  of  the  floor 
above,  the  difference  is  very  marked — note  the  spotted  effect  on 
floor,  walls,  and  ceiling  on  the  fourth  floor.  The  equipment  here 
is  a  four  light  reflexolier  with  opaline  balls,  the  outlets  being 
located  as   shown  on  plan,  Fig.    12.     In  the  illuminometer   test 
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on  this  floor  the  same  test  stations  were  used  as  on  the  office 
floor  below.     The  results  of  this  test  are  as  follows : — 

OBSERVED  HORIZONTAL  ILLUMINATION  VALUES.    FOURTH  FLOOR. 
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Supplementary  Data. 
Maximum  dimensions  of  room,  84  ft.  x  22  ft. 
Height  to  ceiling,  10  ft.  2  in. 
Height  to  mantles,  8  ft.  2  in. 
Height  to  test-plate,  2  ft.  9  in. 
Height  of  mantles  above  test-plate,  5  ft.  5  in. 
Number  of  outlets,  9. 
Number  of  burners  per  outlet,  4. 
Total  number  of  burners,  36. 
Total  gas  consumption,  cu.  ft.  per  hour,  126. 
Average  consumption  per  burner,  3.5. 
Pressure,  inches  of  water,  2.2. 
Total  area  of  floor,  sq.  ft.,  1,680. 
Cu.  ft,  of  gas  per  sq.  ft.,  0.075. 
Number  of  test-stations,  18. 
Average  foot-candles,  5.65. 
Lumens  per  cu.  ft,  of  gas,  794. 

Compared   with   the   distributed    unit   system,    this   equipment 
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Fig.   14. 

shows  a  maximum  deviation  at  Station  No.  17  of  125  per  cent  as 
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against  45  per  cent.,  and  as  would  be  expected  the  lumens  per  cu. 
ft.  per  hour  are  much  less, — 79.4  as  against  92.1.  The  pressure 
on  the  fourth  floor  it  will  be  noted  is  2.2  as  against  1.6.  How- 
ever, the  diffusion  is  as  good  with  the  opal  one  as  with  the  satin 
finish  Holophane. 

Figure  14  shows  the  graphical  representation  of  the  variation 
in  illumination  on  the  first,  third  and  fourth  floors  at  the  stations 
taken  on  these  respective  floors.  The  installation  on  the  street 
floor  was  not  designed  for  uniform  illumination  particularly,  the 
old  outlets  being  utilized.  On  the  third  or  ofiice  floor,  however, 
where  uniformity  was  desired,  the  tests  seem  to  show  very  satis- 
factory results.  It  might  be  stated  that  the  bookkeepers  on  this 
floor  who  work  by  artificial  light  the  greater  part  of  the  time 
have  offered  not  a  single  objection  to  the  system. 
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DISCUSSION 

The  Chairman : — Ladies  and  gentlemen,  the  two  papers  are 
now  before  the  meeting  for  discussion.  In  opening  the  discus- 
sion I  have  the  pleasure  of  calling  on  the  President  of  the 
National  Commercial   Gas   Association,   Mr.   Shattuck. 

Mr.  Shattuck : — These  two  papers  are  very  interesting,  but 
I  did  not  come  prepared  to  discuss  them  this  evening.  However, 
I  think  that  the  last  paper  is  one  that  should  be  studied  very  care- 
fully,— studied  by  all  the  gas  men  that  are  in  New  York,  and  they 
should  make  it  a  special  part  of  their  business  to  go  there  and  see 
that  building.  I  believe  that  there  are  a  great  many  features 
that  we  should  adopt  in  our  home  towns,  and  the  one  that  appeals 
to  me  more  than  anything  else  is  the  model  kitchen.  The  ordi- 
nary kitchen  is  not  what  it  should  be.  It  should  be  the  best 
room  in  the  house.     It  is,  as  a  rule,  the  poorest  room  in  the  house. 

In  looking  at  these  pictures,  I  do  not  believe  that  the  light 
from  the  gas  flame  is  going  to  be  satisfactory.  I  think  after  two 
hours'  cooking  it  will  look  rather  sick.  It  is  very  seldon'i  that 
you  will  see  a  kitchen  properly  illuminated  with  electric  light  or 
gas.  It  isn't  long  before  the  light  is  beclouded  with  fly  specks 
and  dirt,  and  it  doesn't  seem  to  get  the  proper  attention.  I  think 
this  educational  work  on  the  part  of  the  Consolidated  Gas  Com- 
pany in  equipping  this  modern  home  is  certainly  an  advance  step 
in  educational  work.  I  hope  that  all  present  will  discuss  both  of 
these  papers. 

The  Chairman: — I  do  not  know  that  I  need  call  specificallv 
upon  anyone  by  name.  There  is  certainly  material  in  both  of 
these  papers  for  thought  and  reflection,  and  probably  some  dif- 
ference of  opinion.  The  papers  are  open  for  discussion  now,  if 
anyone  wishes   to  take   part. 

Mr.  Marshall: —  I  would  like  to  call  attention  to  one  thing  in 
this  apartment.  Heretofore  the  gas  man  has  used  the  argument 
of  cheapness  of  gas  until  that  has  become  rather  threadbare.  I 
think  that  if  any  solicitor  who  uses  that  as  his  chief  argument 
for  Hghting,  will  visit  these  rooms,  he  will  come  out  with  a 
very  much  greater  appreciation  of  what  may  be  accomplished  in 
pleasant  surroundings  with  gas.  I  have  had  the  pleasure  of  visit- 
ing,  probably,  most  every   display   room  in  the  country,  and   I 
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have  never  seen  any  set  of  rooms  so  attractively  furnished  as 
these,  and  I  would  like  to  emphasize  Mr.  Shattuck's  remarks 
about  visiting  these  rooms  to  see  what  has  been  accomplished 
there. 

Mr.  Clark: — 1  would  like  to  ask  at  what  height  above  the  floor 
the  readings  were  taken.  He  has  a  value  there  of  4.57  foot-can- 
dles, but  he  does  not  state  at  what  height  that  was  taken — 
whether  it  was  the  height  of  the  desk,  which  is  the  ordinary 
working  height,  or  some  other  height.  Another  question  that  I 
would  like  to  ask,  as  I  shall  not  avail  myself  of  the  opportunity  of 
visiting  the  Consolidated  Gas  Company's  office  just  yet — I  would 
like  to  ask  about  the  ceiling  in  the  rooms,  that  is.  the  rooms  of 
ditterent  color — whether  the  ceiling  is  exactly  similar — exactly 
the  same  as  the  wall  paper,  and  how  much  difference  that 
makes.  It  seems  to  me  it  would  make  considerable  reflective 
dift'erence  in  the  blue  room,  for  instance,  with  a  ceiling-  of  white. 
I  suppose  that  the  rooms  must  be  blue  throughout. 

The  Chaiiinan  : — I  have  not  yet  personally  had  the  oppor- 
like  to  ask  about  the  ceilings  in  the  rooms,  that  is,  the  rooms  of 
precautionary  remark,  probably  that  you  are  familiar  with, 
and  that  is  that  it  is  a  difficult  matter  to  get  good  photographs 
of  an  entire  shop  where  the  rooms  are  somewhat  limited  in  size, 
as  these  evidently  were.  A  photograph  is  not  always  a  good 
representation  of  things  as  they  appear  to  the  eye,  as  colors 
come  in  to  vary  the  effects  upon  the  photographic  plate.  I 
think  that  the  slides  shown,  however,  are  a  sufficient  evidence 
to  those  that  have  not  seen  the  rooms,  that  gas  illumination  in 
point  of  quality,  both  as  regards  the  diffusion  softness  and  pleas- 
antness to  the  eye,  can  be  made  the  equal  of  any  illuminant. 
Certainly,  the  rooms  shown  are  finely  illuminated. 

I  quite  agree  w^th  ^Ir.  Shattuck's  remark  in  regard  to  the 
illumination  of  the  kitchen.  There  is  a  great  tendency  for  us  to 
neglect  this  important  room  of  the  house  in  the  matter  of  illumi- 
nation. The  illumination  here  is  apparently  adequate  at  the  pres- 
ent time,  but  we  must  always  take  into  account  deterioration. 

Is  there  any   further  discussion? 

Mr.  Thoiupson  : — W'bat  would  be  the  proper  height  for  an 
inverted  burner? 
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Mr.  Rozve: — Answering,  first,  Mr.  Clark;  I  believe  the  ques- 
tion as  to  the  height  above  the  plane  at  which  the  illuminometer 
readings  were  taken,  were  the  same  on  all  floors,  and  were  made 
at  the  2  ft.  6  in.  customary  low  desk  level.  To  be  sure,  in  the 
rear  end  of  the  office  floor,  where  the  bookkeepers'  desks  are  lo- 
cated, that  plane  is  probably  on  a  3  ft.  10  in.  plane  of  these  desks, 
but  in  order  to  have  the  readings  uniform,  they  were  taken  at 
the  2  ft.  5  in.  height. 

So  far  as  the  colors  of  those  ceilings  are  concerned,  they  are  all 
white,  if  I  am  not  mistaken.  The  point  was  brought  out  by  Mr. 
Elliott  that  the  photographs  are  not  really  indicative  of  the 
effect  that  is  obtained  there.  Several  of  the  photographs  shown, 
particularly  those  which  were  repeated — the  first  slide  where 
that  was  the  case,  was  taken  by  the  artificial  light  alone,  as 
showing  the  effect  obtained  by  the  illuminat'on.  To  a  certain 
extent  it  does  not  do  justice  to  the  room  at  all.  The  second  one 
did  not  do  much  better. 

In  speaking  of  the  library  dome,  I  neglected  to  give  the  equip- 
ment, which  is  a  little  different  from  customary  practice.  It  is 
equipped  with  an  inverted  mantle  burner,  and  at  the  bottom  is 
placed  a  ground  glass  diffusing  plate,  the  strong  downward 
light  from  the  mantle  being  nicely  diffused,  and  while  it  illumi- 
nates the  art  glass  in  the  dome,  the  maximum  light  is  turned 
downward  near  the  table  for  reading,  and  there  is  absolutely  no 
glare. 

Answering  the  last  question  of  Mr.  Thompson  as  to  the  proper 
height  at  which  diffusing  glassware  should  be  placed ;  I  am  not 
quite  certain  in  my  mind  as  to  what  he  means  by  ''diffusing  glass- 
ware." There  are  certain  rules  which  have  been  given  for  dif- 
ferent shapes  of  glassware.  I  think  that  light  units  should  not 
be  placed  a  distance  apart  greater  than  twice  their  height  above 
the  plane  of  the  illuminometers,  not  very  much  over  that  distance. 
If  so,  the  illumination  will  fall  off  and  be  spotted  to  a  large  ex- 
tent.    I  think  that  covers  the  points  that  were  raised. 

Mr.  Clark : — How  much  increase  do  you  get  from  the  2  ft.  6 
in.  at  the  3  ft.  level,  and  what  is  the  size  now — the  proper  amount 
of  illumination  for  office  work?  We  find  in  different  works  by 
different  writers  a  great  variation,  and  I  think,  in  all  probability. 
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the  Consolidated  is  in  a  position  where  it  knows  the  proper 
amount  of  Ught  to  be  given  for  office  work.  That  is  the  first 
thing,  1  think,  that  should  come  under  the  notice  of  the  illuminat- 
ing engineer,  and  practically  every  new  business  man  is  called 
on  to  do  a  work — to  work  out  photometric  curves,  and  it  makes 
a  great  deal  of  difference  whether  you  want  to  get  four  candles 
or  six. 

Mr.  Rozcc: — As  I  said  in  the  paper,  desk  lighting,  or  office 
lighting,  is  one  of  the  biggest  problems  the  illuminating  engineer 
has  to  face,  because,  in  that  kind  of  work,  the  personal  equation 
probably  enters  to  a  greater  extent  that  it  does  anywhere  else.  I 
have  found  individuals  who  prefe*-  entirely  different  kinds  of 
lighting  under  exactly  the  same  conditions ;  what  would  be  en- 
tirely satisfactory  to  one  would  not  satisfy  the  other;  one  would 
want  a  high  intensity  of  light  and  the  other  a  low  intensity, 
and  it  can  only  be  stated  in  general,  that  good  desk  illumination 
is  from  3^  to  4^  foot-candles  for  close  desk  work.  For  clerical 
work,  not  requiring  as  fine  work,  for  example,  for  a  large  room 
entirely  equipped,  say,  with  typewriters,  a  lower  intensity  would 
suffice,  from  2^  to  33^  ;  but  in  all  this  the  depreciation  factor 
should  be  taken  into  account,  and  that  is  not  usually  done.  We 
consider  in  laying  out  an  installation  merely  the  intensity  and 
distribution  that  will  be  obtained  at  the  time  the  installation  is 
made.  That,  then,  does  not  hold  forever,  and  in  similar  types 
of  installations  it  changes  very  rapidly,  not  so  much  in  dis- 
tribution as  in  intensity  and  that  fact  should  be  taken  into  con- 
sideration in  designing  and  laying  out  installations. 

The  question  of  desk  lighting  and  office  lighting  is  a  broad  one, 
and  there  are  a  great  number  of  individual  opinions  about  it, 
and  in  a  way,  they  are  all  right.  As  I  said.  I  think  a  maxi- 
mum of  43^  foot-candles,  for  most  desk  work,  should  be  suffi- 
cient. However,  the  local  lighting  of  a  desk  bracket,  or  port- 
able, on  the  plane  of  the  area  at  which  the  work  is  done,  is 
usually  very  much  higher  than  that,  because  a  16  c-p.  lamp  is 
very  often  placed  in  a  concentrated  reflector  directly  over  the 
man's  work,  at  an  intensity,  probably,  of — well  ,  I  should  not  be 
surprised  if  it  were  between   10  and   15  foot-candles. 

That  raises  another  point  about  desk  illumination.     Personally, 
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1  think  that  the  most  satisfactory  equipment  that  I  know  of  at 
present  is  from  a  single  hght  suspended  over  the  left  hand  side 
of  the  desk,  a  little  over  the  end  and  over  the  front,  equipped 
with  a  fairly  concentrated  reflector,  so  that  the  illumination  is 
higher  than  at  the  other  point.  That  gives  a  man  a  lamp  illumi- 
nation for  ordinary  work,  and  if  he  is  trying  to  do  some  drawing, 
he  can  move  over  where  the  intensity  is  higher,  but  that  is  only 
applicable  to  individual  lighting,  and  in  large  offices  a  great  many 
additions  are  made,  and  where  that  is  the  case  the  distributive 
unit  system  seems  to  work  out  very  satisfactorily. 


PHII.ADEI.PHIA  SECTION. 


NOVEMBER  MEETING. 

SCIENTIFIC  PRINCIPLES  OF  GLOBES  AND 
REFLECTORS. 


BY    VAN    RE:NSSE:i.AI:r    LANSINGH. 
General  Manager,  Holophane  Company. 


Illuminating  Engineering,  while  an  extremely  broad  and  some- 
what ambiguous  term,  nevertheless  has  certain  aspects  of  the 
subject  which  are  well-defined,  and  more  or  less  well  under- 
stood. From  a  purely  engineering  standpoint,  one  of  the  most 
important   parts   of    this    subject   is   the   redistribution    of   light 


Fig.  1. 

from  any  given  light  source.  With  the  large  number  of  differ- 
ent forms  of  light  sources  which  are  now  commercially  availa- 
ble, it  is  essential,  in  the  majority  of  cases,  to  change  the  char- 
acteristic distribution  of  the  source  itself  in  certain  ways  so  as 
to  utilize  more  of  the  light  flux  than  is  possible  with  the  natural 
distribution  unchanged.  This  means  that  with  modern  light 
sources,  it  is  usually  necessary  to  redirect  the  rays,  employ- 
ing for  this  purpose  globes,  shades  or  reflectors.  Therefore, 
the  illuminating  engineer  must  not  only  study  carefully  the 
means   available    for    effecting   this    redistribution,    but    also   he 
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should  understand  certain  of  the  laws  which  make  such  redistri- 
bution possible  and  also  the  scope  of  their  application  in  the 
present   state  of   the  art.     Inasmuch   as   this   subject   is   such  a 


Fig.  2. 


large  one,  it  will  be  necessary  in  this  paper  to  confine  our  at- 
tention entirely  to  the  subject  of  redistribution  of  light  derived 
from    the    modern    electric    incandescent    lamp    in    its    different 
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forms,   viz..  carbon,   gem,   tantalum  and   tungsten.     It  has   be  .mi 
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customary  in  the  past,  and  is  even  more  so  to-day  not  to  use 


Fig.  4. 


unshaded    electric    lamps,    but    to    modify    the    glare    from    the 
filament  by  some  sort  of  a  diffusing  medium.     In  the  majority 


Fig-  5- 


"of  cases   such   medium,   consisting  of  glass,   has   been   designed 
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from  an  ornamental  rather  than   from  a  useful  standpoint.     It 
will  be  unnecessary  in  this  paper  to  consider  the  purely  orna 
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mental  shade.     On  the  other  hand,  there  are  certain  utilitarian 
types  of  reflectors,  which  are  designed  to  effect  the  redistribu 
tion  of  light  and  also  to  hide  the  lamp  from  the  eyes,  for  ex- 
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ample  the  ordinary  tin  cone  reflector.  There  are  also  a  large 
number  of  reflectors  on  the  market,  made  both  of  opal  and 
prismatic  glass,  which  attempt  to  combine  both  of  these  funda- 


LANSINGH  :      PRINCIPLIvS  OF  GLOBES  AND  REFLECTORS 


53 


mental  characteristics  in  lighting  glassware.  In  this  paper,  I 
shall  endeavor  to  bring  forward  some  of  the  limitations  which 
.apply  in  the  designing  of  glassware  of  these  latter  types. 

Generally  speaking,  reflectors  can  be  classified  into  two  main 
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•divisions,  first,   those  which  act  primarily  by  diffuse  reflection, 
-and   second,    those    which    act    primarily    by    regular    reflection. 
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Fig.  9. 


There  are,  of  course,  some  reflectors  which  act  more  or  less  by 
a  combination  of  these  two  principles.  The  first  class  of  re- 
flector is  exemplified  by  the  well-known  opal  reflector  in  which 
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a  beam  striking  any  given  point  on  the  surface  is  scattered  in 
all   directions. 

Fig.  I  shows  a  diagrammatic  scheme  of  irregular  or  diffuse  re- 


Fig.  10. 


flection.  Each  ray  of  light  is  regularly  reflected  from  the  sur- 
face on  which  it  strikes,  but  inasmuch  as  the  surface  is  broken 
up   into   all   sorts   of   irregularities,   the   different   rays   of   light 
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are  scattered  in  all  directions.  Bearing  the  fact  in  mind,  that 
when  a  beam  of  light  strikes  a  surface  giving  diffuse  reflec- 
tion  and   is   broken   in   all   directions,   it   is   evident   that   if   the 
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diffusion  is  perfect,   it  makes  no   difference  at  what   angle  the 
incident  beam   strikes.     Consequently  if   this   be   true,   in   cases 


Fig.  12. 


of  diffuse  reflection,  the  shape  of  a  reflector  will  not  vary  the 
distribution  of  light.  Of  course,  if  the  reflector  is  shaped,  for 
example  take  the  ordinary  cone  reflector,  so  as  to  cut  off  certain 


Fig.  13- 


of  the  rays  of  light,  there  is  a  decrease  in  candle-power  in  the 
direction  the  cut  off  rays  would  take,  but  aside  from  this,  the 
distribution  curves  of  any  form  or  diffuse  reflectors,  regardless 
of  the  shape,  should  be  practically  the  same. 


56         TR.\XSACTIOXS  OF   ILLUMINATING  ENGINEERING   SOCIETY 

This   neglects,   of   course,   the   question   of    regular   reflection 
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from  the  surface  of  the   reflector,  which  has  to  be  taken  into 
consideration.     Fig.   2   gives   the   distribution   of   light   about   a 
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25  watt,  20  c.p.   tungsten  lamp  with  a  plane  opal  cone  ^Yx"  in 
diameter,  used  with  a  form  "O"  holder,  shown  in  Fig.  4.     The 


Fig.  16. 


strong   concentrated   light    directly   beneath   the   reflector  is   due 
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•entirely  to  regular  reflection  from  the  surface,  glaze  or  polish, 
and  is  not  due  to  the  diffuse  reflection  from  the  opal.  That 
this  is  true  can  be  easily  seen  from  Fig.  3  where  the  same  identi- 
•cal  reflector  has  had  the  surface  depolished  by  acid  etching,  so 
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that  we  get  purely  diffuse  reflection.  The  light  which  formerly 
was  directed  downward  has  now  been  thrown  a  little  farther 
from   the   vertical,    strengthening   the   light   at   angles   from    15 


Fig.    18. 


to  45  degrees,  so  that  while  the  total  flux  of  light  in  both  cases 
is  practically  the  same,  we  see  that  the  peak  in  the  distribution 
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of  the   ordinary  plane  opal  cone   is  due  entirely  to  surface  or 
resfular  reflection. 


I'ig.  25. 


Fio"s.   5  and  6  show  the  same  phenomenon  in  the  case  of  a 
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green  case  opal  cone  GY^"  in  diameter,  shown  in  Fig.  7,  tested 
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with  a  25  watt,  20  c.p.  tungsten  lamp,  the  reflector  being  used 
with  a   form   "O"  holder.     The   surface   reflection   in  this   case 


Fig.  27. 


is   far  more  marked  than  in  the  former,  and  it  will  be  noted 
how  this  entirely  disappears  as  soon  as  the  surface  is  depolished. 


i 

1 

^^^^ 

■7^~~-^£ 

K^^3 

~V-^^^~r^ 

9-f^^r. 

t/^^t^— i— ^ 

Lr"^  I 

' — "^^^^^^ 

JT^3z~Z 

5-^^3r^ 

■^2?~-^^C~" 

~S]r~~j 

'^t--^^Sf' 

--~cr~  /    — 1 

"^Z^^^^^^^^ 

ZTj— 

"l^-^^^ 

r^-X— 

'!!2--V'''!!^ 

t^ /fc 

n — -rzi^ 

-^-^S^ 

t^3^**«^ 

■""'-^ 

— — 

r^^^^^-f' 

2- a — 

i!^^--^r' 

■—1 r 

==t^ 

Fig.  28. 


Fig.   8  is  the   curve   of   a  fluted  opal   cone,   shown   in   Fig.    10, 
tested  with  a  25  watt,  20  c.p.  tungsten  lamp,  the  reflector  being 
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held  in  the  form  "O"  position,  while  Fig.  9  is  the  curve  of  the 
same  reflector  with  the  interior  surface  of  the  cone  depolished. 


Fig.  29. 


It  will  be  noted  that  in  this  case,  inasmuch  as  there  was  no 
marked  regular  reflection  from  the  surface  of  the  reflector, 
that  the  only  marked  effect  of  the  depolished  surface,  is  that 


Fig.  30. 


it  slightly  decreases  the  flux  of  light  in  the  useful  zone.     The 
fluting  of   the   reflector   acts   also   in   cutting   down    the   regular 
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reflection.     Fig.  ii  represents  the  curve  of  the  opal  dome  shown 


Fig.  31- 

in  Fig.  13,  tested  with  a  25  watt,  20  c.p.  tungsten  lamp  in  the 


Fig.  32. 

form  "O"  position,  and  Fig.   12  shows  the  curve  of  the  same 
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combination  when  the  reflector  has  been  depoHshed.     Owing  to 
the  shape  af  the  reflector,  there  is  very  much  less  surface  re- 
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flection   than   in   the   case   of   the   cone   reflector,   but   whatever 
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effect   the    surface    reflection   had,   it   is   practically   entirely   re- 
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inovecl  when  the  interior  of  the  reflector  is  depolished.     Fig.  14 
represent?  the  curve  of  a  flat  porcelain  plate,  shown  in  Fig.  16, 


Fig.  35- 


tested  with  a  25  watt,  20  e.p.  tungsten  lamp  in  the  form  "O'' 
position.     Fig.    15    represents   the   curve   of   the   same   combina- 


Fig-.  36. 


tion  with  reflecting  surface  depolished.     It  will  be  noted  that  the 
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effect  of  depolishing  the  surface  of  this  reflector  is  to  simply 
permit  a  httle  more  hght  to  pass  above  the  horizontal,  which 
is  to  be  expected.     Fig.   17  shows  the  photometric  curves  of  a 


Fig.  37- 


well-known  opal  bowl  reflector  6^/i"  in  diameter,  tested  with 
a  25  watt,  20  c.p.  tungsten  lamp  in  the  form  *'0"  position.  This 
reflector   shown   in   Fig.    18,   has   a   depolished   interior   surface. 


Fig.  38. 


Fig.  19  shows  photometric  curve  of  a  rather  flat  opal  reflector 
8"  in  diameter,  illustrated  in  Fig.  20.  Tested  with  the  same 
candle-power  lamp,  the  curve  is  similar  lo  the  one  shown  in 
Fig.   17. 
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'There   is   one   thing   to   be   noted   in   all   of   these   tests,   viz., 
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Fig.  40. 


that   when   surface   reflection   is   eliminated  by   depolishing,   we 
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get  purely  diffuse  reflection,  and  that  the  shapes  of  all  the 
photometric  curves  are  practically  the  same,  with  the  exception 
that  in  the  case  of  those  reflectors  which  do  not  come  far  down 
over  the  lamp  we  have,  naturally,  a  stronger  lateral  distribu- 
tion. In  other  words,  a  study  of  these  curves  will  show  that 
with  opal  reflectors  having  depolished  surfaces  it  is  impossi- 
ble to  vary  the  distribution  of  the  lamp  and  reflector  over  a 
wide  range,  and  that  all  opal  reflectors  with  a  depolished  sur- 
face  will   give   practically   the   same   distribution   of   light,    irre- 
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spective  of  their  shape.  In  orcler  to  bring  this  out  more  clearly, 
Fig.  21  is  shown,  in  which  are  ]daced  side  by  side  the  curves 
shown  in  Figs.  3,  6,  9.  12,  15.  17,  19,  and  which  shows  clearly 
that  with  the  exception  of  the  light  which  is  reflected  by  the 
sides  of  the  reflectors,  when  they  are  deep,  the  distribution 
curves  are  j^ractically  the  same,  regardless  of  the  shape  of  the 
reflector.  While  c)i)al  has  l)een  used  in  tlie  foregoing  as  typi- 
cal of  diffusing  reflectors,  there  are,  of  course,  other  forms 
of  glassware  which  give  this  same  phenomenon.  Fig.  22  shows 
the  curve  of  a  ground  glass  dome  in  which  there  is  the  same 
general  characteristic  distribution,  with  the  exception  that  more 
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of  the  light  in  this  case  passes  through  the  dome,  and  less  of  it 
is  thrown  below  the  horizontal. 

When,  however,  we  come  to  the  question  of  regular  reflection, 


Fig.  42. 

we  will  find  that  it  is  possible  to  vary  the  distribution  of  light 
over  a  wide  range.     Fig.  23  shows  the  principles  of  regular  re- 


Fig.  43. 
flection,   in  which  a   ray   of   light,    striking  at  any  given   angle, 
-is  regularly  reflected,  that  is,  the  angle  of  incidence  is  equal  to 
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the  angle  of  reflection.  By  properly  varying  the  shape  of  reflectors, 
in  which  this  principle  is  employed,  it  is  possible  to  get  a  very- 
wide  variation  in  their  distribution. 


Fig.   44. 


Fig.   24   shows  the   distribution   curve  of   a   silvered   reflector 
(illustrated  in  Fig.  25)  tested  with  a  25  watt,  20  c.p.  tungsten 
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lamp  in   form  "O"  position.     This  curve  shows   a   fairly  broad' 
distribution  of  light,  and  it  should  be  contrasted  with  the  curve 
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(see  Fig.  26)  of  a  plain  mirrored  cone  composed  of  plain  strips 
of  mirror,  also  tested  with  a  25  watt,  20  c.p.  tungsten  lamp  in 
the  form  "O"  position.  The  mirror  reflector  is  shown  in  Fig. 
2y.  It  will  be  seen  at  once  by  these  two  curves  that  there  is 
a  marked  difference  in  the  distribution  of  light.  The  curve  of 
the  mirror  cone  should  be  compared  with  the  curve  of  the  simi- 
larly shaped  opal  cone,  shown  in  Fig.  3.  Fig.  28  shows  the  dis- 
tribution curve  of  a  prismatic  cone  y"  in  diameter  and  5"  high, 
(see  Fig.  29)  tested  with  a  25  watt  20  c.p.  tungsten  lamp  in  the 
form  ''O"  position.     This  curve  also  should  be  contrasted  with 


Fig.   46. 


the  opal  cone  curve  shown  in  Fig.  3.  It  will  be  readily  seen  by 
this  that  a  reflector  of  this  type  acts  by  regular  rather  than  by 
diffuse  reflection.  Fig.  30  shows  the  curve  of  a  concentrating 
prismatic  reflector,  having  a  depolished  interior  surface  (see  Fig. 
31)  tested  in  form  ''H"  position  with  a  60  watt  tungsten  lamp. 
Despite  the  fact  that  there  is  no  surface  reflection  in  this  case,  it 
will  be  seen  that  the  general  shape  of  the  curve  is  concentrated 
and  that  the  reflector  is,  as  a  whole,  acting  by  regular  reflection. 
Fig.  32  shows  a  similar  reflector,  similarly  tested,  in  which 
however,  the  depolished  surface  is  treated  somewhat  differently, 
with  the  result  that  while  dift'usion  is  obtained  by  this  means, 
the   depolishing  does  not   destroy,   to  nearly  so  marked  an  ex- 
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tent,  the  efficiency  of  the  reflector,  and  the  results  are  nearly  as 
good  as  obtained  with  the  clear,  prismatic  type.  It  is  evident  from 
this,  that  in  depolishing  the  interior  surface  of  a  prismatic  re- 
flector, utmost  care  must  be  used  to  obtain  best  results,  and  that 
if  such  care  is  not  exercised,  considerable  loss  may  result. 

In  order  to  bring  out  clearly  the  fact  that  with  a  reflector 
acting  by  regular  reflection,  it  is  possible  to  get  nearly  any  de- 
sired distribution  of  light.  Figs.  33,  34  and  35  show  the  curves 
of  the  well-known  Extensive,  Intensive  and  Focusing  types  of 
prismatic  reflectors,  illustrated  in  Figs.  36,  37"  and  38  respec- 
tively.    Although  these  reflectors  are  very  similar  in  their  gen- 


eral shape,  it  will  be  easily  seen  that  the  distribution  of  light 
is  entirely  different  in  all  three  cases,  and  that  therefore,  when 
we  are  dealing  with  regular  reflection,  obtained  by  means  of  pris- 
matic or  mirrored  surfaces,  we  can  vary  the  distribution  of  light 
to  suit  the  needs  of  the  case. 

I  have  not  attempted,  in  this  paper,  to  bring  out  anything  ex- 
cept the  fact  that  with  diffuse  reflection,  the  possibilities  of  re- 
(Hrection  of  light  are  limited,  whereas  with  regular  reflection, 
the  possibilities  are  very  much  greater.  As  an  example  of  this 
latter,  there  are  shown  in  Figs.  39  and  40  the  distribution  curves 
obtained  with  a  concentrating  prismatic  reflector  and  a  flat  plate. 
On  the  interior  of  the  ])late  are  certain  redirecting  prisms.  The 
full  line  in  Fig.  39  shows  the  curve  in  one  plane,  and  the  dotted 
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line  the  distribution  in  the  plane  at  right  angles  to  the  other. 
The  full  and  dotted  lines  in  Fig.  40  show  similar  results.  The 
unit  in  Fig.  39  is  used  primarily  in  car-lighting,  being  placed 
in  the  center  of  the  deck,  where  it  is  desirable  to  throw  the 
light  up  and  down  the  aisle  rather  than  sidewise,  whereas  the 
unit  shown  in  Fig.  40  is  used  over  dining  car  tables,  where 
it  is  desirable  to  throw  the  light  not  against  the  wall,  but  on 
the  table  at  an  angle  of  about   15  degrees   from  the  vertical. 

Fig.  41  is  another  example  of  the  possibilities  in  redirecting 
light.  It  is  the  horizontal  distribution  of  the  diffusing  pris- 
matic reflector  shown  in  Fig.  2  and  used  primarily  for  street 
lighting.  It  will  be  seen  that  in  this  case  the  maximum  light  is 
thrown  diagonally  over  the  street  at  an  angle  of  25  degrees  from 
the  curb  line,  and  that  only  50  per  cent,  of  the  maximum  is 
thrown  directly  across  the  street  and  less  than  25  per  cent,  di- 
rected toward  the  nearby  sidewalk. 

Fig.  43  shows  the  distribution  of  light  about  a  prismatic  globe 
by  which  the  majority  of  the  light  rays  are  thrown  below  the 
liorizontal.     The  glebe  itself  is  shown  in  Fig.  44. 

Fig.  45  shows  the  distribution  from  a  similar  globe,  illus- 
trated in  Fig.  46,  identical  in  shape,  but  in  which  there  are  total- 
ly reflecting  prisms  on  the  back  and  diffusing  and  redirecting 
prisms  on  the  front.  The  distribution  curve  of  this  should  be 
compared  with  distribution  curve  Fig.  43.  This  comparison 
shows  the  marked  variation  possible  in  two  globes,  identical  in 
shape,  but  in  which  the  prisms  are  of  different  design. 

From  a  brief  consideration  of  the  laws  of  regular  reflection, 
it  wdll  at  once  be  seen  that  the  position  of  the  source  of  light 
with  reference  to  the  reflecting  surface,  will  make  a  great  differ- 
ence in  the  light  reflected.  Thus,  if  a  source  of  light  be  in  the 
position  A  (Fig.  47)  the  reflected  ray  will  take  the  direction 
OA',  whereas  if  the  source  of  light  be  moved  to  B  parallel  to 
surface  OC,  the  reflected  ray  will  be  OB',  or  a  different  direc- 
tion from  the  other.  It  is  therefore  evident  that  in  the  ca  .e 
where  a  source  of  light  and  reflector  are  taken  together  in  order 
to  get  predetermined  results  the  position  of  the  source  of  light 
w4th  reference  to  the  reflector  must  be  fixed,  and  that  if  the 
relative  position  of  the  source  of  light  to  the  reflector  is  changed. 
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the  resulting  distriljiitio:j  of  light  will  also  be  changed.  This- 
is  clearly  brought  out  in  Fig.  48  in  which  are  shown  distribution 
curves  of  the  same  reflector  and  lamp,  the  full  line  represent- 
ing the  photometric  results  when  the  reflector  w^as  in  the  rela- 
tive position  to  the  lamp  for  which  it  was  designed,  and  the  dotted 
line  representing  the  results  obtained  when  the  position  of  the 
reflector  was  moved  %"  higher.  It  is  thus  seen  in  dealing  with 
regular  reflection,  that  it  is  absolutely  essential  to  have  the 
source  of  light  and  the  reflector  in  relatively  correct  positions  in 
order  to  get  the  results  desired. 

From  a  study  of  the  curves  in  this  paper,  it  is  evident  that 
further  developments  in  the  control  of  light  by  any  means  known 
at  the  present  time  are  to  be  expected  from  the  use  of  those 
mediums  which  give  regular  rather  than  diffuse   reflection. 
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BY    MR.    GKORGE    t.    HULSK. 
Chief  Engineer,  Safety  Car  Heating  &  Lighting  Co.,  New  York,  N.  Y 


I  will  treat  this  subject  under  two  heads :  First,  methods 
of  obtaining  light ;  Second,  its  application  to  secure  proper 
illumination. 

Methods  of  Lighting : — The  methods  and  materials  used  for 
car  lighting  have  been  in  general  those  used  for  other  forms  of 
lighting,  but  special  methods  of  application  have  always  been 
necessary  in  order  to  make  these  general  methods  applicable  to 
the  conditions  met  with  in  railroad  service.  If  a  method  of 
lighting  is  used  successfully  for  general  lighting,  it  does  not 
follow  that  it  can  be  applied  successfully  to  car  lighting,  and 
methods  especially  successful  when  applied  to  cars  do  not  find 
the  same  application  in  general  use.  An  example  to  this  is  the 
use  of  compressed  oil  gas.  Oil  gas  was  manufactured  and  used 
for  house  lighting  before  it  was  applied  to  car  lighting,  but 
while  it  has  been  practically  abandoned  for  general  use,  eighty 
per  cent,  of  all  passenger  cars  in  service  are  lighted  with  it  at 
the  present  time. 

I  will  not  go  into  a  description  of  the  multitudinous  forms 
of  lighting  which  have  been  applied  to  cars.  The  candle,  of 
course,  was  used  in  its  day,  and  the  mineral  oil  lamps  did  good 
service  in  their  time.  Acetylene,  at  the  time  of  the  discovery 
of  calcium  carbide,  was  hailed  as  an  ideal  car  illuminant,  but 
its  development  has  not  shown  that  it  is  the  equal  of  oil  gas  in 
efficiency  or  economy,  especially  since  the  development  of  the 
incandescent  mantle  for  oil  gas  lighting.  This,  combined  with 
the  fact  that  acetylene  came  into  the  field  after  oil  gas  had  be- 
come firmly  established  with  years  of  satisfactory  service,  has 
made  the  application  of  acetylene  extremely  limited. 

Many  other  forms  of  lighting  have  been  used  to  a  limited 
extent,  and  abandoned  as  unsatisfactory. 

At  the  present  time  there  are  two  systems  which  are  in  use 
and  which   will  probably  continue  to  be   applied  in  the  future. 


76         TRANSACTIONS  OF   ILLUMINATING  ENGINEERING   SOCIETY 


They  are,  compressed  oil  gas,  known  in  this  country  as  "Pintsch" 
gas,  and  electric  lighting.  For  the  future,  gas  lighting  will 
probably  do  the  larger  part  of  the  work,  while  electric  lighting 
will  be  applied  to  certain  classes  of  equipment  wdiere  its  use  is 
especially  desirable  and  where  considerations  of  cost  and  oi>erat- 
ing  difficulties  do  not  enter. 


FILLING  VALVE  NO.  ^^9 


pressure:  regulator  no  254 
FILLING  VALVE  NO.^5^9 


Fig.  I. — Diagram  of  Pintsch  gas  equipment  using  mantle  lamps. 

The  Pintsch  System  : — The  poor  service  given  by  oil  lighting 
led  to  experiments  toward  the  adoption  of  gas  to  car  lighting. 
As  the  storage  space  available  was  limited,  it  was  necessary  to 
carrv  the  gas  under  pressure  in  order  to  have  a  sufficient 
supply  on  the  car.  and  also  to  have  a  gas  of  comparatively  high 
illuminating  value.  Coal  gas,  of  low  candle-power  primarily, 
lost  at  least  fifty  per  cent,  of  its  illuminating  value  when 
compressed  to  a  point  high  enough  to  give  sufficient  storage. 
Oil  gas  has  not  only  a  much  higher  candle-power  uncompressed, 
but  when  compressed  to  ten  atmospheres,  loses  only  ten  per  cent, 
of  its  illuminating  power.  Several  systems  of  oil  gas  lighting 
were  introduced  in  the  late  seventies,  but  that  in  use  throughout 
most  of  the  world  at  the  present  time  was  brought  out  in  Ger- 
manv  bv   Julius  Pintsch. 
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Pintsch  gas  is  made  by  the  distillation,  or  "cracking"  of 
petroleum  oil  in  cast  iron  or  clay  retorts,  or  in  steel  generators 
filled  with  fire-brick  checker-work.  A  fixed  gas  is  formed  which 
has  for  its  principal  ingredients,  methane  and  heavy  illuminants 
with  a  very  small  amount  of  hydrogen.  It  has  a  heating  value 
when  compressed  of  1,250  B.  t.  u's.  per  cu.  ft.  After  passing 
through  proper  washing  and  purifying  apparatus,  the  gas  is 
compressed  to  12  atmospheres  in  store-holders  from  which  it 
is  carried  to  the  railroad  yards  by  suitable  pipe  lines.  The 
car  holders  are  filled  from  these  pipe  lines.  The  car  equip- 
ment (see  Fig.  i)  consists  of  one  or  more  welded  steel  hollers 
to  contain  the  gas  supply,  two  filling  valves,  a  pressure  gauge,  a 
regulator  for  reducing  the  holder  pressure  to  that  at  w^hich 
the  lamps  operate,  the  pipe  line  for  carrying  the  gas  from  the 
holders  to  the  lamps,  and  the  lamps  or  burners.  All  fittings 
for  both  the  lew  and  high  pressure  piping  are  especially  designed 
for  the  work.  The  pressure  regulator  is  placed  under  the  car 
near  the  holders  so  that  the  amount  of  high  pressure  piping 
is  small  and  none  of  it  is  inside  the  car. 

The  pressure  regulator  reduces  to  the  proper  pressure  and 
maintains  this  pressure  constant  with  varying  amounts  of  gas 
used. 

Before  the  development  of  the  incandescent  mantle  for  car 
lighting  the  gas  was  burned  in  regenerative  lamps  fitted  with 
from  two  to  four  burners  of  the  union  jet  type.  The  design  of 
the  burner  cluster  and  reflectors  was  such  that  the  lamps  gave 
an  excellent  candle-power  distribution.  The  hemispherical  can- 
dle-power was  about  35,  with  a  gas  consumption  of  3.25  cu.  ft. 
per   hour. 

After  the  incandescent  mantle  came  into  general  use  for 
house  lighting,  it  was  tried  for  car  lighting,  but  it  was  found 
that  the  upright  mantle  would  not  stand  the  vibration  and  shocks 
received  in  railroad  service. 

One  of  the  earliest,  and  probably  the  earliest  completely 
successful  application  of  the  inverted  mantle  was  to  car  light- 
ing. This  was  due  to  the  fact  that  while  the  development  of  the 
inverted  mantle   for  general   use  had  to  contend  with   low  and 
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varying  gas  pressure,   in  car  lighting  a   sufficient   and   uniform 
pressure  is  at  all  times  available. 

The  first  mantles  used  were  of  small  size,  giving  about  28 
c.p.  with  a  gas  consumption  of  0.8  cu.  ft.  per  hour  and  were 
arranged  singly  or  in  clusters  of  four.  Later  a  mantle  was  de- 
veloped which  gave  90  candle-power  with  a  gas  consumption  of 
2  cu.  ft.  per  hour.  The  use  of  this  mantle  has  made  feasible 
the  remodeling  of  the  flat  tianie  lamps  to  mantle  lamps,  and 
these  lamps  are  being  rapidly  made  over.  The  substitution  of 
one  of  these  mantles  for  a  four  flame  lamp  means  an  increase  in 
the  gas  storage  capacity  of  the  already  installed  equipment  of 
sixty  per  cent.  Since  1905  when  the  mantle  lamp  was  introduced 
in  America,  over  4,000  cars  have  been  equipped  and  lamps  for 
2,650  cars  have  been  remodeled ;  a  total  of  33,481  new  lamps 
and  17.300  remodeled  lamps  form  and  composition,  to  withstand 
the  rigors  of  railway  service.  They  give  very  satisfactory  re- 
sults as  to  durability.  A  careful  test,  made  on  cars  of  a  rail- 
road running  into  Xew  York,  where  a  record  of  the  life  of  each 
mantle  was  kept,  showed,  in  a  year's  test,  an  average  life  of  no 
days  for  each  mantle. 

The  simplicity  of  construction  of  the  lamp  used  is  shown 
in  Fig.  2.  Gas  enters  the  lamp  from  the  roof  line  through  the 
shut  off  cock  and  gas  arm  to  the  bgdy  casting  No.  3140.  Into 
this  body  casting  is  fitted  the  gas  orifice  No.  3046  with  screen 
No.  2748.  The  flow  of  gas  from  this  orifice  draws  air  through 
the  horizontal  channels  in  the  casting  No.  3052  forming  a  mix- 
ture which  burns  at  the  plural  jet  burner  No.  3049,  bringing  the 
mantle  No.  3044  to  a  high  state  of  incandescence.  It  will  be 
noticed  that  no  gauzes  or  other  means  are  used  to  prevent 
striking  back.  These  are  not  necessary  as  the  velocity  of  the 
flow  of  gas  from  the  orifice  is  greater  than  the  velocity  at 
which  the  ignition  can  travel  back  to  the  orifice. 

The  mantle  lamp  is  in  very  extensive  use  in  Europe,  in 
England,  France,  and  especially  in  Germany  where  the  entire 
passenger  car  equipment  of  the  Prussian  State  Railway  is  fitted 
with  it. 

There  are   upwards  of   eighty-five  gas  plants   for   the   manu- 
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facture  of  Pintsch  gas  in  the  United  States  and  Canada,  owned  in 
some  instances  wholly  or  in  part  by  the  railroads,  but  most  of 
them  by  the  Pintsch  Compressing  Company.  Gas  is  delivered  to 
the  car  holders  and  charged  for  at  a  uniform  rate,  the  amount 
of  gas  supplied  being  measured  by  the  increase  of  gauge  pressure. 
The  holders  are  made  of  exact  size  and  the  contents  of  a 
holder  can  always  be  determined  by  multiplying  its  capacity  by 


Fig.  2. — Section  of  mantle  lamp. 

the  gauge  pressure  in  atmospheres.  This  feature,  besides  fur- 
nishing a  means  of  measuring  the  amount  of  gas  supplied,  is 
important  for  determining  the  hours  of  lighting  which  a  holder 
contains  and  also  for  the  purpose  of  car  interchange. 

Cars  using  Pintsch  gas  are  dependent  on  stationary  plants, 
but  this  has  not  been  found  to  be  a  disadvantage,  principally 
l^ecause  the  time  required  to  charge  a  car  is  so  short.  It  can 
be  done,  if  necessary,  at  a  division  station  stop. 

Cars  in  branch  line  service  which  do  not  reach  central  stations 
are   supplied  by   transport   service   without   trouble   or   expense 
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to  the  railroad  company.  This  transport  service  has  been  carried 
on  heretofore  by  using  a  large  steel  holder  on  a  freight  car. 
These  holders  are  filled  to  fourteen  atmospheres,  and  in  order 
to  make  all  the  gas  available  for  filling  car  holders  to  ten  at- 
mospheres, a  compressor  is  necessary. 

We  are  now  developing  a  high  pressure  transport  system 
in  which  the  gas  is  compressed  to  lOO  atmospheres  in  steel 
bottles.  We  have  found  that  each  bottle  filled  with  gas  at  lOO 
atmospheres  contains  133  times  its  volume  of  free  gas.  By 
using  this  method  the  use  of  a  compressor  is  avoided,  90  per 
cent,  of  the  gas  in  the  bottles  is  available  for  filling  car  holders 
to  10  atmospheres,  and  the  total  weight  required  for  transport- 
ing the  gas  is  reduced  50  per  cei.t.  and  the  space  required  95 
per  cent. 

There  is  more  or  less  of  a  popular  prejudice  against  the  use 
of  gas  for  car  lighting  owing  to  the  alleged  danger  from  it  in 
case  of  wrecks.  This  danger  does  not  exist,  as  the  behavior 
of  Pintsch  gas  in  wrecks  in  the  past  has  shown. 

The  gas  itself  is  non-explosive,  and  the  range  of  explosive 
mixtures  of  gas  and  air  are  extremely  low — from  4  to  10 
per  cent.  Its  ignition  temperature  is  high,  and  it  is  difficult 
to  light  when  escaping  under  pressure. 

The  quantity  of  gas  carried  on  a  car  is  so  limited,  and  in 
case  of  rupture  of  a  tank  or  pipe  connection  its  diffusion  is  so 
rapid  that  a  combustible  mixture  is  not  made.  There  are  four 
times  as  many  cars  equipped  with  Pintsch  gas  as  the  entire 
rolling  stock  of  the  United  States,  and  this  system  would  not 
have  been  in  extensive  use  if  its  employment  involved  a  hazard 
to  life  or  property. 

ELECTRIC     LIGHTING. 

Electric  lighting  on.  steam  railway  cars  is  accomplished  by 
either  of  three  methods,  known  as  : 

1.  The  "Head  End  System." 

2.  Straight   Storage. 

3.  Axle   Lighting. 

Tlic  Head  End  System  comprises  a  generator  driven  by  a  steam 
engine  either  in  the  baggage  car  at  the  head  of  the  train  or  on 
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the  locomotive.  From  the  generator  the  current  is  carried  back 
to  the  cars  by  means  of  appropriate  train  lines.  To  maintain 
the  lights  when  the  locomotive  is  detached  from  the  train  it 
is  necessary  to  use  a  storage  battery  on  one  or  more  of  the  cars. 
The  system  most  used  in  this  country  is  that  having  a  steam 
engine,  either  reciprocating  or  turbine  in  the  baggage  car,  steam 
for  its  operation  being  brought  from  the  locomotive  by  suitable 
hose  connections.  A  few  equipments  are  being  used  with  the 
generator  on  the  locomotive.  This  latter  arrangement  entails 
a  heavier  first  cost  for  equipment,  as  several  locomotives  may 
be  used  in  the  hauling  of  one  train  over  its  trip. 

The  head  end  system  gives  good  results  as  to  efficiency  and 
economy,  but  its  great  disadvantage  is  that  the  lighting  can  only 
be  used  when  a  car  is  in  a  train  with  a  generator  equipment.  If 
cars  are  equipped  with  batteries  to  supply  light  during  such  time 
as  the  locomotive  is  disconnected,  the  proper  arrangements  for 
charging  the  batteries  entail  a  sacrifice  of  simplicity  and  economy. 

In  the  Straight  Storage  System  each  car  is  equipped  with 
a  set  of  storage  batteries  of  sufficient  capacity  to  supply  cur- 
rent for  the  lamps  for  the  desired  trip.  As  ordinarily  applied 
the  equipment  is  simple,  consisting  of  the  lamps,  storage  batteries 
and  charging  receptacles.  At  the  terminal  yards  the  batteries 
are  charged  by  current  obtained  from  a  stationary  power  plant. 
The  lamps  burn  directly  from  the  batteries,  no  voltage  regulator 
being   used. 

This  method  of  lighting  would  be  ideal  if  the  electric  storage 
battery  could  be  perfected.  However,  this  system  cannot  come 
into  general  use  with  the  present  battery  on  account  of  the  fact 
that  the  charging  of  the  batteries  consumes  too  much  time. 

Car  lighting  systems  dependent  upon  stationary  plants  are 
feasible  as  shown  by  the  Pintsch  system,  but  the  time  required 
for  charging  must  not  interfere  with  car  service.  Another 
feature  which  is  not  always  taken  into  consideration  with  this 
system  is  the  variation  in  voltage  at  the  lamps,  especially  when 
the  batteries  are  worked  near  their  full  capacity. 

Axle  Lighting. — This  term  has  come  into  general  use  to 
designate  a  system  by  which  power  is  taken  from  the  car 
axle  to  run  a  generator  to  supply  current  for  the  lamps  in  tiie 
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car.  The  equipment  consists  of  a  generator  mounted  on  the  car 
body  or  truck  with  some  form  of  drive  between  the  car  axle 
and  the  generator,  a  regulator  to  give  the  proper  output  of  the 
generator  at  varying  speeds,  a  storage  battery  to  maintain  the 
lights  when  the  speed  of  the  generator  falls  below  that  at  which 
it  gives  the  proper  voltage,  an  automatic  switch  to  prevent  the 
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I'ig.  3.  -  niuinination  of  coach  by  gas  center  lamps. 

discharge  of  the  batteries  through  the  generator,  a  lamp  regu- 
lator to  keep  the  lamp  voltage  constant,  and  means  for  keeping 
the  polarity  of  the  battery  charging  current  constant. 

This    system    renders    each    car    absolutely    independent   of   a 
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stationary  plant,  and  in  spite  of  its  seeming  complexity,  is  the 
only  one  of  the  three  systems  which  is  capable  of  general  appli- 
cation to  cars.  The  problem  of  working  out  a  satisfactory  sys- 
tem of  this  kind  is  not  simple,  but  it  is  now  being  done  with 
success,   and  axle  lighting  will  probably  be  the  most  generally 
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Fig.  4.— Illumination  of  coach  by  gas  center  lamp.s. 

used  form  of  electric  light  for  steam  railroads.  A  properly  de- 
signed axle  system  is  superior  to  head-end  or  straight  storage,  as 
it  renders  the  car  available  for  use  in  any  territory  and  does  not 
necessitate  lay-overs  at  charging  plants.  The  axle  system  prop- 
erly worked  out,  gives  the  best  treatment  of  the  storage  battery, 
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and  the  success  of   electric   car  lighting   in   its  present   state   of 
development  depends  upon  the  efficiency  of  the  storage  battery 


CAR  ILLUMINATION 


The    problem    of    obtaining    an    adequate    and    proper    illumi- 
nation of  passenger  cars  is  not  an  easy  one  to  solve,  as  many 
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Fig.  5. — Illuniinatiun  ol  coach  by  gas  cenicr  lamps. 

special  conditions  are  met  with.  The  construction  of  a  car 
is  such  that  it  is  difficult  to  place  the  light  sources  out  of  the 
range  of  vision.  This  feature  did  not  count  for  so  much  when 
gas  lamps  with  fiat  flames  were  used,  as  the  specific  intensity 
of   the   gas    flame   was    so    low    that    its   effect   on   the   eye    was. 
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net  bad,  but  since  the  incandescent  mantle  has  come  into 
use  with  its  high  intensity,  it  is  absolutely  necessary  to  use  a 
diffusing  glass.  With  the  Pintsch  mantle,  an  enclosing  globe  of 
sufficient  size  and  diffusing  power  has  been  used,  so  that  the  in- 
tensity on  the  surface  of  the  bowl  is  not  over  two  candle-power 
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Fig.  6.— Illumination  of  coach  by  gas  center  lamps. 

per  square  inch.  Installations  of  electric  lighting  have  been  the 
worst  offenders  in  regard  to  exposed  light  sources,  as  in  many 
cases  clear  bulbs  have  been  used  without  shades  or  diffusing 
globes.  The  use  of  a  large  number  of  such  lamps  in  a  car  with 
highly    polished    trimmings    has    made    a    glare    which    quickly 
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fatigues  the  eyes.  Conditions,  liowever,  are  much  improved  in 
later  installations  and  good  illumination  rather  than  quantity  of 
light  is  being  sought  for. 

In  nearly  every  type  of  passenger  car,  the  chief  use  of  the 
artificial  illumination  is  for  reading.     The  lighting  should  be  so 
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Fig.  7.  — niumination  of  coach  b\'  gas  center  lamps. 

designed  that  a  good  illumination  falls  on  the  book  or  paper  of 
the  passenger,  while  there  are  rest  spaces  to  which  the  eye 
can  be  directed  without  the  light  source  coming  in  the  line  of 
vision.  This  rest  space  should  have  a  fair  amount  of  general 
illumination.     In  the  ordinary  passenger  coach  it  has  been  found 
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that  these  results  are  best  obtained  by  the  use  of  ceihng  lamps 
suspended  from  the  top  deck  of  the  car,  with  a  spacing  of  from 
six  to  ten  feet.  With  the  proper  candle-power  distribution  of 
the  light  source,  uniform  illumination  can  be  produced. 

The  accompanying  diagrams,  made   from  the   results  of  illu- 
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Fig.  8.— lUumination  of  coach  by  electric  center  lamps. 


mination  tests  on  cars  in  service,  show  the  results  obtained  by 
this  method.  In  these  tests  the  illumination  was  measured 
on  a  plane  corresponding  to  a  passenger's  paper,  at  the  proper 
height.  During  the  measurement  a  medium-sized  passenger  occu- 
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pied    the    sitting,    so    that    the    results    obtained    take    the    head 
shadows  into  account : 

Figs.  3,  4,  5.  6  and  7  show  resuhs  of  such  tests  in  coaches 
hghted  with  various  forms  of  gas  center  lamps.  These  are 
tests  from  cars  as  actually  found,  and  while  the  lamp  arrange- 
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Fig.  9. — Illumination  of  coach  by  electric  side  lights. 

ment  is  not  ideal,  it  will  be  noted  that  satisfactory  results  are 
obtained  as  to  quantity  of  light  and  uniformity  of  distribution, 
especially  with  the  mantle  lamp. 

Another  method  of  lighting  used  to  a  large  extent  for  electric 
lighting  of  coaches  is  the  use  of  brackets   or  pendants  on  the 
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lower  deck  sill,  the  idea  being  that  a  more  uniform  distribution 
can  be  obtained  in  this  way.  A  short  time  ago  the  opportunity 
afforded  itself  to  test  two  cars  of  exactly  the  same  size  and 
construction,  one  fitted  with  center  lamps  and  the  other  with 
side  brackets,  shades  of  the  same  quality  of  glass  but  suitable 
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Fig.  10. — Illuminatioti  of  sleeper  by  inai.tle  lamps. 

shape  for  best  results,  being  used  in  both  cars.  The  results, 
as  will  be  noted  by  referring  to  the  diagrams  (Figs.  8  and  9), 
show  that  as  far  as  uniformity  of  illumination  goes,  there  is  noth- 
ing to  choose  between  the  two,  although  the  center  fixtures  give 
tlie  most  efficient  results  as  to  the  total  watts  used.     Side  light- 
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ing  is  objectionable  because  it  is  impossible  to  get  the  lamps  out 
of  the  range  of  vision,  as  they  are  directly  in  front  of  the 
passenger,  and  there  are  always  numerous  shadows  on  the  paper 
from  the  multiplication  of  light  sources.  The  interior  of  the 
car  also  has  a  better  appearance  with  a  few  well  designed  center 
lamps  than  with  a  number  of  side  fixtures. 

A  very  efficient  way  to  light  a  coach  would  be  to  have  the 
lamps  provided  with  reflectors  to  throw  the  light  not  only  down, 
but  also  toward  the  front  of  the  car  in  a  manner  similar  to  that 

CANDLt  POWEF\  DIAGRAM",  £!  BERTH  Ll6hlS 


BERTH   LIGHT  N°.  2465 


IM   VERTICAL    PLANE. 

Fig.  II.— Electric  berth  lamp. 


X   RAY   VIE-W 
E-tRTH   LIGHT  N"  2485 


used  in  some  cases  for  public  hail  lighting.  This  would  increase 
the  light  on  the  passengers'  papers  and  remove  all  the  glare  from 
the  eye.  There  is  yet  to  be  found  the  railroad  company  which 
would  consider  a  lighting  scheme  which  required  that  the  re- 
flectors on  the  lamps  be  reversed  every  time  the  direction  of  the 
car  was  changed.  The  problem  is,  however,  being  worked  out 
along  lines  which  we  believe  will  insure  its  practical  operation. 
Fig.  lO  shows  the  illumination  diagram  of  a  sleeping  car 
equipped  with  mantle  center  lamps.     The  lighting  is  ample  and 
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uniform  and  as  the  lamps  are  well  up  to  the  ceiling  and  opal 
diffusing  glassware  used,  the  eye  is  not  subjected  to  any  glare 
from   exposed   light   sources. 

Sleeping  cars,  in  addition  to  center  lamps,  are  provided  with 
berth  or  reading  lamps  in  many  cases.     These  are  used  when  the 
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Fig.  li-^lUumination  of  sleeper  by  electric  lamps. 

berth  is  made  up,   for  light   for  undressing  and  at  other  times 
for  reading  lamps. 

Most  sleeping  cars  are  equipped  with  a  berth  lamp  consisting 
of  a  miniature  bulb  which,  when  not  in  use,  is  concealed  in  the 
paneling  at  the  side  of  the  car.     Pressing  a  spring  brings  out  the 
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bulb  and  turns  on  the  current.  A  new  type  of  berth  Hght  has 
recently  been  brought  out  which  permits  of  the  use  of  a  stan- 
(lar  1  size  Tungsten  bulb  and  is  operated  by  a  small  push  button 


Fig.  13.     Interior  view  of  sleeping  car. 


switch.     A  prismatic  enclosing  glass  is  used  to  give  the  candle- 
power  distribution,  which   gives   the   maximum  intensity  on   the 
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passenger's  book  and  the  minimum  in  the  eye  of  the  passenger 
in  the  opposite  seat. 

Fig.  II  shows  an  exterior  and  interior  view  of  this  lamp 
and  also  the  candle-power  diagrams.  In  these  diagrams  the  full 
line  shows  the  candle-power  of  the  new  type  of  fixture  using  a 
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Fig.  14.  — Uluminatioii  of  dining  car  by  mantle  lamps. 

15  watt  tungsten  lamp  while  the  broken  line  shows  the  candle- 
power  of  the  old  type  using  a  20  watt  metallized  filament  lamp. 
The  diagram,  Fig.  12^  shows  the  results  obtained  by  the 
use  of  this  lamp  with  center  lamps  on  a  sleeping  car  recently 
built.     It    will    be    noted    that    the    illumination    curve    for    both 
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aisle  and  window  sittings  is  practically  a  straight  line.     Fig.   13 
shows  the  interior  of  this  car. 

Dining  cars  require  special  treatment — a  concentrated  illumi- 


Fig.  15.  -Interior  of  dining  car  with  mantle  lamps. 


nation  on  the  tables  with  a  general  illumination  which  will  show 
the  interior  decoration  without  detracting  from  the  table  illumi- 
nation. 
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Fig.  14  shows  how  this  can  be  done  with  gas  lighting  by  the 
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Fig.  16.— Section  of  dining  car  lamp. 
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Fig.  17.— Illumination  of  dining  car  by  electric  lamps. 

use  of  proper  fixtures  correctly  placed.     Fig.   15  is  a  view  of 
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the  interior  of  this  car  showing  the  arrangement  of  the  lamps. 
A  most  satisfactory  method  of  obtaining  the  proper  lighting- 
for  dining  cars  has  recently  been  developed.  On  the  side  deck 
over  each  table  is  placed  a  lamp  containing  a  single  electric 
bulb.  Over  the  bulb  is  a  concentrating  glass  reflector,  which 
reflects  the  light  in  the  plane  parallel  to  the  length  of  the  table 
with  an  asymmetric  distribution,  as  with  the  dining  table  seat- 
ing four,  the  center  of  the  lamp  could  not  come  over  the  center 


Fig.  i8. — Table  illumiuation  in  dining  car. 


of  the  table.  In  the  plane  perpendicular  to  this,  the  distribution 
is  symmetrical  and  concentrated ;  center  lamps  of  the  same  type 
were  provided  for  general  illumination,  having  plates  giving" 
symmetric  extensive  distribution.  A  sectional  view  of  this  lamp- 
is  shown  in  Fig.   i6. 

Fig.  17  shows  the  results  of  illumination  tests  in  a  diner 
fitted  with  this  type  of  lamp.  Fig.  18  the  illumination  on  one 
on  the  tables,  and  Fig.  19,  an  interior  view  of  a  car  equipped 
with  til  is  tyi)c  of  lighting. 

In  the  first  installation  the  plates  are  placed  flush  with  the 
ceiling,  no  lamp  fixtures  being  visible.  While  this  gives  good  re- 
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suits  as  far  as  table  and  floor  illumination  is  concerned,  it  will  be 
found  that  the  ceilings  are  dark  and  the  effect  rather  gloomy. 
Lamps  have  been  designed  which  overcome  this  difficult v,  the 
fixture  being  of  the  box  type,  dropped  from  the  ceiling,  with 
art  glass  panels  to  furnish  ceiling  illumination.  Dining  cars 
should  be  cheerful  places,  and  concealed  lighting  with  no  appar- 
ent source  of  light  does  not  give  the  proper  effect. 

Postal    cars    require    greater    illumination    than   those    of    any 


Fig.  19.—  Interior  view  of  dining  car. 


Other  class,  especially  at  the  letter  distributing  cases.  This  is 
easily  provided  for  with  mantle  lamps,  the  lamps  at  the  cases 
being  placed  directly  over  the  distributing  tables,  out  of  range 
of  the  clerk's  eyes.  In  other  parts  of  the  car  center  lamps  are 
used. 

A  test  which  was  made  recently  on  the  lighting  of  two  electric- 
ally lighted  postal  cars  shows  how  easy  it  is  to  get  a  poor  result 
at  a  greater  expense  than  for  a  good  result.  One  of  the  cars 
tested   was   fitted   with   continuous   enameled   reflectors   of   such 
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shape  that  the  filament  of  the  bulb  was  exposed,  clear  glass  bulbs 
being  used.  The  other  car  had  the  lamps  fitted  with  individual 
reflectors  of  such  shape  that  the  bulb  was  completely  hidden. 
The  illumination  diagram  (Fig.  20),  shows  that  the  second  ar- 
rangement really  gave  the  best  result  in  foot-candles  per  kilo- 
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Fig.  20.— Illumination  of  postal  car. 

watt.     How  much  better  results  it  gave  in  actual  service  cannot 
be  calculated. 

Railroad  officials  are  realizing  that  quantity  of  light  does  not 
always  mean  good  illumination,  and  the  best  practice  in  car 
lighting  compares  favorably  with  efforts  in  other  lines. 
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DISCUSSION. 

Mr.  Geo.  S.  Barroivs : — I  understand  that  all  of  these  readings 
are  taken  on  the  horizontal  plane ;  is  that  so,  or  do  you  make 
some  on  something  different  from  the  horizontal  plane? 

Mr.  Hulse : — The  readings  for  the  illumination  tests  were 
taken  in  a  manner  to  give  the  actual  amount  of  light  available 
for  the  purpose  for  which  it  was  to  be  used.  Readings  in  coaches 
are  taken  as  follows :  A  table  is  used  which  supports  the  re- 
ceiving disc  of  the  illuminometer  at  the  height  of  a  paper  held 
for  reading,  and  fixed  in  its  proper  lateral  position,  there  being 
two  stations  in  each  seat  corresponding  to  the  aisle  and  window 
sitting.  A  medium  sized  man  takes  his  seat  in  the  sitting  at 
which  the  light  is  to  be  measured  and  finds  by  trial  the  best 
vertical  angle  to  hold  the  paper  for  reading.  The  receiving  disc 
of  the  illuminometer  is  turned  to  this  angle  and  the  reading 
made  with  the  man  still  occupying  the  sitting.  This  gives  us  the 
effect  of  head  shadows  which  may  be  thrown  on  the  paper  and 
the  reading  obtained  shows  just  what  light  the  passenger  gets  on 
his   paper. 

In  dining  and  postal  cars  the  readings  are  made  on  the  hori- 
zontal plane  at  the  height  of  the  tables. 

Mr,  Barrows: — He  takes  his  paper  and  moves  around  until 
he  gets  in  the  most  comfortable  position? 

Mr,  Hiilze: — Yes;  that  is,  as  far  as  the  angle  which  the  paper 
made  with  the  horizontal,  but  the  edge  of  the  paper  was  kept 
parallel  with  the  longitudinal  center  line  of  the  car. 

Mr.  C,  H.  Hunt: — Mr.  Hulse  spoke  in  some  of  his  tests  as 
using  a  pressure  of  two  pounds  per  square  inch.  Can  he  tell  us 
what  that  represents  in  tenths  inches  of  water  pressure  ? 

Mr.  Hulse: — Two  pounds  pressure  per  square  inch  is  equiva- 
lent to  a  water  column  of  554  tenths  inches. 

Mr.  F.  N.  Morton : — I  think  Mr.  Hulse  said  that  our  ancestors 
did  not  pay  much  attention  to  their  illumination.  I  was  told 
by  the  then  Engineer  of  the  Pintsch  Company  that  about  twenty- 
five  years  ago  that  Company  designed  the  well-known  porcelain 
reflectors  in  use  at  that  time  for  the  4-burner  flat-flame  lamps, 
and  intended  to  throw   a  uniform   illumination   throughout  the 
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length  of  the  car.  The  space  immediately  under  the  burner  was 
to  receive  less  reflected  light,  the  maximum  point  of  reflected 
light  being  half-way  between  two  burners.  In  that  way  they 
aimed  to  get  uniform  illumination  throughout  the  car.  They 
did  not  have  illuminometers  in  those  days;  the  best  they  could 
do  was  to  have  a  man  pull  his  hat  over  his  eyes,  and  then  sit  in 
diflferent  parts  of  the  car  and  note  the  ease  with  which  he  could 
read.  When  he  got  to  such  a  point  that  he  could  not  distinguish 
any  difference  in  his  ability  to  read  in  different  parts  of  the  car, 
they  considered  that  uniform  lighting.  The  point  is  that  they 
did  pay  some  attention  to  that  phase  of  it;  they  made  a  specialty 
of  it. 

Mr.  Hiilsc: — I  showed  on  one  of  the  slides  to-night  the  candle- 
power  diagram  of  the  four  flame  lamp  with  the  reflector,  which 
Mr.  Morton  speaks  of,  and  the  distribution  is  very  good  for  a 
uniform  illumination. 

Mr.  Geo.  S.  Barrows: — I  would  like  to  ask  Mr.  Hulse  if  the 
plates  used  in  dining  cars  are  unpleasant  if  a  person  happens 
to  look  up ;  is  there  much  apparent  glare  from  the  diffusing 
plates  underneath  the  lamps  ? 

Mr.  Hulsc : — No,  the  plates  are  made  with  satin  finish  so  that 
there  is  no  glare ;  the  plates  are  of  sufficient  size  so  that  the 
intrinsic  brilliancy  is  low, 

Mr.  IV.  H.  Gartley : — The  position  that  I  have  been  in,  in 
connection  with  car  lighting,  is  not  that  you  get  too  much  glare 
in  a  certain  direction,  but  that  you  are  fortunate  if  you  can 
find  an  angle  at  which  you  can  hold  your  book  or  paper  and  get 
light  enough  to  read  by. 

I  believe  there  is  no  problem  in  illuminating  engineering  that 
has  been,  in  the  past,  so  carelessly  worked  out  as  railroad  pas- 
senger car  illumination,  and  if  such  a  statement  is  true,  it 
should  be  humiliating  to  our  larger  railroads,  at  least  if  not  to 
the  Pintsch  Company. 

As  a  commuter  I  have  seen,  day  after  day,  during  the  sea- 
son of  early  darkness,  people  in  railroad  cars  failing  in  an 
attempt  to  read  in  a  light  just  a  little  short  of  being  sufficient 
to  read  by,  give  it  up  and  then  sit  and  blink  at  lights  far  too 
bright    for   anything  but   reading. 
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I  do  not  agree  with  the  speaker  that  the  present  cluster  of  flat 
flame  burners  are  or  can  be  located  in  a  car  so  as  not  to  produce 
a  painful  effect.  If  one  travels,  at  night,  in  a  regular  coach 
from  New  York  to  Philadelphia,  the  effect  of  these  lights  shining 
in  the  eye  is  decidedly  unpleasant. 

This  lecture  by  Mr.  Hulse  therefore  is  most  interesting  and 
welcome.  It  shows  me  that  I  was  mistaken,  that  where  I  be- 
lieved indifference  to  progress  held  sway,  there  is  a  most  com- 
prehensive and  thorough  knowledge  of  what  should  be  done  and 
how  to  do  it.  Mr.  Hulse  has  given  us  a  singularly  clear  example 
of  the  application  of  the  principles  of  modern  illuminating  engi- 
neering to  concrete  practice ;  forcing  conviction  that  his  company 
is  ready  with  proper  solutions  of  railroad  coach  illumination 
problems  of  all  kinds.  That  the  railroads  are  taking  advantage 
of  this  knowledge  is  illustrated  by  the  figures  given  by  Mr. 
Hulse  of  the  introduction  of  mantle  burners  in  the  cars  of  this 
country.  We  remember  the  sighs  of  relief  which  greeted  the  in- 
troduction of  these  lights. 

We  can  now  see  to  read  in  these  cars,  but  more  should  be 
done.  We  want  the  glare  taken  from  the  eyes  of  the  non- 
readers,  either  by  the  use  of  green  shades  or  by  the  box  lamps 
described  by  Mr.  Hulse.  We  want,  I  should  say,  just  the  reverse 
of  what  we  have  now  in  the  cars  lighted  by  the  flat  flame  clusters. 
We  are  living  just  at  the  time  to  witness  a  revolution  in  railroad 
illumination,  and  I  hope  and  expect  to  see  this  branch  go  as  far 
ahead  in  the  next  few  years  as  it  has  lagged  behind  in  the  last 
decade. 

Mr.  B.  S.  Pelling: — I  would  like  to  ask  Mr.  Hulse  if  con- 
tinuous concealed  lighting,  directly  over  the  seats,  has  been 
tried?  I  should  think  this  method  of  illumination  would  give 
a  better  diffusion  of  light  and  be  more  appreciable  by  the  pas- 
sengers than  the  systems  shown  by  the  slides. 

Mr.  Hulse : — I  do  not  think  it  has  been  tried,  chiefly  because 
of  construction  and  operating  difficulties. 

Mr.  W.  J.  Scrrill: — Has  this  question  of  the  movable  reflector 
been  worked  out  in  practice?  I  can  hardly  conceive  that  a 
Railroad  Company,  if  the  reversible  reflectors  have  been  worked 
out  in  good  mechanical  shape,  would  consider  it  too  much  trouble 
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to  reverse  them  at  the  end  of  a  run.  The  car  seats  have  to  be  re- 
versed at  the  terminus,  and  the  ventilators  changed,  and  surely 
there  is  little  more  trouble  involved  in  reversing  the  reflectors 
on  the  lights,  if  made  so  as  to  be  easily  reversible  and  fixed  in 
the  new  position.  It  seems  to  me  that  the  results  obtained  would 
be  so  satisfactory  that  such  a  scheme  would  be  worth  working  out. 
If  the  matter  was  proposed  in  a  theoretical  way  to  a  railroad 
manager,  he  might  object  to  it.  whereas  if  it  was  worked  out 
practically,  he  might  accept  it. 

Mr,  Hiilse: — I  see  several  railroad  men  here  whom  I  would  like 
to  hear  from  as  to  the  practicability  of  such  a  scheme. 

Chairman : — We  would  be  glad  to  hear  from  some  of  our 
Pennsylvania  Railroad  friends ;  I  see  we  have  some  with  us. 

Mr.  H.  E.  Goiigh  ( P.  R.  R. )  : — In  regard  to  reversing  reflec- 
tors. I  think  this  would  not  be  looked  upon  with  favor.  One  has 
to  be  with  the  railroad  for  a  while,  I  believe  in  order  to  appre- 
ciate how  difficult  it  is  to  accomplish  some  very  simple  things, 
such  as  this  scheme  appears  to  be.  and  I  think  none  of  us  would 
care  to  recommend  a  trial  until  all  other  resources  had  been  ex- 
hausted. I  am  looking  for  improvements  largely  along  the  line 
Mr.  Hulse  has  shown  as  applied  to  a  dining  car :  that  is.  a 
semi-concealed  efltect.  We  could  not  carry  out  such  an  elaborate 
scheme  on  coaches  as  shown  for  the  dining  car  in  question,  but 
possibly  something  between  that  plan  and  the  one  mentioned  by 
a  gentleman  a  few  moments  ago  involving  a  continuous  reflect- 
ing trough  in  the  deck  of  the  car  might  be  worked  out  satis- 
factorily. The  central  fixture  I  consider  a  tradition  which  has 
come  to  us  from  oil  lighting  days  and  which  can  well  be  dis- 
pensed with  in  many  cases :  I  can  hold  out  a  little  hope,  I 
think,  to  our  patrons  by  saying  that  the  management  recently 
instructed  the  Electrical  Department  to  go  ahead  in  a  systematic 
manner  with  investigations  and  experiments  with  a  view  to  im- 
proving the  lighting  of  our  cars.  Heretofore  the  lighting  has  been 
left  until  the  last  thing,  and  the  car  designers  have  located  the 
lights  as  best  suited  their  convenience  or  taste  without  regard 
to  illuminating  efficiency.  Manufacturers  engaged  in  exploiting 
different  lighting  systems  are  working  with  the  railroads  on 
this  problem  so  that  we  may  confidentlv  look  for  considerable 
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improvement  in  the  near  future.  At  the  present  time  I  consider 
those  cars  equipped  with  gas  mantles  to  be  the  best  Hghted. 
None  of  our  electrically  lighted  cars  are,  in  my  opinion,  reason- 
ably well  lighted ;  either  there  is  not  enough  light  or  there  are  so 
many  exposed  larhps  in  the  line  of  vision  as  to  make  it  more  or 
less  uncomfortable  to  the  passengers.  I  believe  the  railroads 
are  beginning  to  realize  this  fact  and  will  take  action  for  the 
better. 

Air.  Hulse  has  stated  that  there  is  no  danger  from  fire  with 
the  Pintsch  system  of  lighting.  I  have  always  had  some  fear 
that  there  is  danger,  in  fact  this  is  one  of  the  reasons  why  there 
is  a  tendency  to  go  to  electric  lighting — to  get  away  from  com- 
bustible or  easily  ignited  materials  in  cars. 

We  are  obtaining  quite  satisfactory  results  in  the  use  of  Tung- 
sten lamps  in  train  lighting  service.  We  have  experienced  con- 
siderable trouble  on  account  of  breakage  of  the  filaments  but  this 
difficulty  is  becoming  less  serious,  due  partly  to  improvements 
in  lamp  construction  and  partly,  I  believe,  to  the  use  of  what  is 
known  as  the  ''hot  filament"  system.  In  this  system  the  wiring 
is  so  arranged  that  in  daytime  the  lamps  are  thrown  across 
two  cells  of  battery  or  a  resistance  is  thrown  in  series  with  the 
lamps  so  that  the  filaments  are  raised  to  a  temperature  such  that 
the  filaments  just  begin  to  glow.  This  scheme  appears  to  reduce 
the  breakage,  due  to  the  fact  that  the  Tungsten  filament  is  less 
brittle  when  hot  and  furthermore  the  indications  are  that  it 
eliminates,  to  a  great  extent,  the  snapping  of  the  filament  which 
often  occurs  when  full  potential  is  thrown  on  a  cold  lamp.  The 
expansion  of  a  Tungsten  filament  is  quite  considerable  and  aP 
who  have  worked  with  Tungsten  lamps  have  noticed  the  quick 
movement  of  the  filament  which  takes  place  when  the  current 
is  applied.  By  the  use  of  the  hot  filament  system,  this  strain 
occurs  only  once.  We  are  not  all  agreed  as  to  just  how  much 
merit  there  is  in  the  hot  filament  system,  which  was  developed 
on  our  Western  lines,  but  the  performance  obtained  to  date 
indicates  that  the  advantages  outHned  above  are   obtained. 

Mr.  Kirschhcrg  (P.  R.  R.)  : — :\Ir.  Hulse's  paper  deals  with 
a  problem  which  is  concerning  us  greatly  on  the  railroad 
at  present ;  one  to  which  we  are  giving  a  great  deal  of  attention. 


104      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

Mr.  Goiigh  has  outlined  to  you  our  car  lighting  policy,  and 
while  we  agree  with  Mr.  Hulse's  ideals  to  a  certain  extent,  we 
feel,  however,  that  car  lighting  is  tending  toward  the  use  of  the 
electric  lamp.  We  are  not  entirely  in  accord  with  the  idea  of 
indirect  lighting,  or  of  totally  concealed  lighting  in  cars,  the 
placing  of  fixtures  which  tend  to  successful  illumination  in  cars 
having  been  fully  considered. 

Beside  the  question  of  the  candle-power  of  the  illuminants, 
there  is  also  the  question  of  distribution  of  light  from  the  units 
themselves  and  the  placing  of  the  units  to  be  considered.  We 
feel  sure  that  if  lamps  are  so  placed  as  to  deliver  the  light  where 
necessary,  at  the  same  time  reducing  the  intrinsic  brilliancy  of 
the  lamps  to  overcome  any  objectionable  glare  in  the  field  of 
vision,  we  will  be  very  successful.  Our  cars  have  rather  dark 
interiors.  Perhaps  by  using  lighter  interiors  and  placing  the 
lamps  somewhat  higher  than  we  are  at  present  doing,  using 
some  kind  of  deck  lighting  to  solve  the  problem,  we  can  im- 
prove conditions  in  general.  We  are  about  to  start  a  series  of 
tests  on  cars  equipped  with  all  the  dififerent  systems  of  lighting 
which  we  are  using,  and  we  hope  to  evolve  a  new  scheme  which 
will  be  more  successful  than  any  of  them. 

The  previous  speaker  mentioned  the  success  already  attained 
in  making  a  through  run  without  a  failure  of  light.  We  are  now 
having  success  in  that  direction  with  electrically  lighted  cars, 
and  have  made  a  through  run  from  Jersey  City  to  St.  Louis  and 
return  on  a  straight  storage  system,  using  Tungsten  lamps  and  a 
280  ampere-hour  battery.  The  Tungsten  lamp  is  now  being  used 
successfully  in  car  lighting  and  we  have  a  number  of  them  on 
our  Paoli  locals  running  out  of  Philadelphia  and  on  through 
trains ;  we  are  replacing  a  great  many  carbon  lamps  on  our  cars 
with  Tungsten  lamps. 

The  question  of  overcoming  excessive  breakage  of  these  lamps 
on  cars  is  one  that  is  engaging  our  attention  to  a  great  extent, 
and  we  are  working  on  a  so-called  "hot  wire"  system. 

Mr.  Gartley  brought  out  a  point,  the  significance  of  which  has 
never  been  sufficiently  impressed ;  that  is,  that  many  of  our 
illumination  schemes  to-day  are  acceptable  to  us  merely  because 
we  have  become  accustomed  to  them.     Lighting  has  been  princi- 
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pally  a  question  of  taste,  and  perhaps  one  of  style,  as  an  instance 
of  which  it  has  been  the  custom  heretofore  to  place  lamps  in 
the  center  of  the  car.  Under  these  conditions  it  is  necessary  to 
place  a  newspaper  so  that  the  light  coming  from  the  center  line 
of  the  car  may  strike  it  at  an  angle  to  permit  of  reading.  Were 
the  lamps  placed  around  the  car  so  as  to  give  a  fairly  even 
illumination  along  the  sides  and  on  either  side  of  the  aisle,  with 
a  somewhat  lower  illumination  in  the  aisle,  perhaps  we  would 
have  a  better  schem.e  of  lighting  than  we  have  to-day. 

Mr.  Hulse  explained  his  methods  of  taking  readings  of  illumi- 
nation of  cars  as  the  effective  illumination  on  a  paper  in  reading 
position.  After  all,  the  plane  on  which  illumination  readings  are 
taken  is  more  or  less  a  conventional  plane,  and  the  readings 
taken  are  only  indicative  of  the  illumination  which  is  used.  If 
the  distribution  in  the  car  is  such  as  to  give  the  desired  illumina- 
tion at  every  point  in  the  car,  there  is  no  reason,  as  I  see  it,  why 
a  series  of  readings  on  a  horizontal  plane  should  not  show  the 
best  average  value  of  the  illumination  produced. 

There  is  one  point  which  I  would  like  to  have  Mr.  Hulse  ex- 
plain. It  is  understood  that  when  Pintsch  gas  is  compressed, 
certain  hydrocarbons  drop  and  are  not  picked  up  again  by  the 
gas  as  it  expands  to  pass  through  the  lamp. 

Mr.  Hulse  spoke  of  using  a  transport  charged  to  a  pressure 
of  100  atmospheres  for  use  in  charging  cars  on  branch  lines. 
Undoubtedly  the  higher  the  pressure  to  which  the  gas  is  com- 
pressed, the  more  hydrocarbons  will  be  precipitated,  and  I  would 
like  to  know  what  the  ratio  of  the  candle-power  of  gas  com- 
pressed to  100  atmospheres,  when  it  expands,  is  to  the  candle- 
power  of  the  gas  before  the  compression? 

Mr.  Hulse : — In  reply  to  Mr.  Kirschberg's  question  about  loss 
of  candle-power  due  to  compression  of  Pintsch  gas  to  100  atmos- 
pheres, I  would  say  that  we  have  found  there  is  practically  no 
difference  in  the  candle-power  of  the  gas  after  it  has  been  com- 
pressed to  100  atmospheres  from  its  candle-power  after  com- 
pression to  fourteen  atmospheres. 

About  the  method  of  taking  illuminometer  readings.  What 
we  want  to  find  in  our  tests  is  the  light  available  at  each  point 
for  the  passenger's  use,  and  to  determine  this  accurately,  actual 
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conditions  should  be  duplicated  in  the  tests.  In  order  to  read, 
the  book  or  paper  must  be  held  at  an  angle  to  the  horizontal, 
so  in  making  the  tests  this  angle  was  taken  for  the  test  plane. 
Where  the  light  is  used  on  a  horizontal  plane,  as  in  a  dining  or 
postal  car,  the  test  plane  is  horizontal.  In  a  coach,  tests  made 
with  the  test  plane  horizontal  will  show  a  distribution  of  illumi- 
nation with  the  maximum  at  the  center  of  the  car,  while  the 
maximum  useful  illumination  is  at  one  end  of  the  car.  If  the 
car  is  fitted  with  center  lamps  some  distance  apart,  the  horizontal 
plane  will  show,  at  stations  between  the  lamps,  effect  from  both 
the  lamps  in  fron^  uS  well  as  the  lamps  behind,  while,  as  a  mat- 
ter of  fact,  the  lamp  in  front  does  not  produce  any  effect  on  the 
passenger's  paper  except  for  sittings  nearly  opposite  the  lamp. 

Mr.  Kirschberg: — There  might  be  an  advantage  in  being  a 
small  man  under  those  conditions. 

Mr.  Gartley : — What  is  the  diameter  of  those  tanks  that  carry 
the  15  atmospheres? 

Mr.  Hiilse: — The  diameter  of  the  standard  tank  is  about  21 
inches  outside  diameter,  and  9'  6"  long. 

Mr.  Gartley: — Has  any  of  the  Pintsch  gas  been  shipped  in 
large  tank  cars? 

Mr.  Hulse  : — Yes. 

Mr.  Gartley: — Could  you  give  a  description  of  that? 

Mr.  Htilse : — The  outside  diameter  of  the  standard  holder  is 
21  inches,  9'  6"  long.  The  working  pressure  is  10  atmospheres, 
or  147  pounds  per  square  inch.  Each  holder  is  proved  with  a 
hydraulic  pressure  of  600  pounds. 

Mr.  Gartley: — Are  they  carried  in  the  rear  part  of  the  train? 

Mr.  Hulse: — Yes.  Most  of  the  transport  cars  are  equipped 
with  our  works  storeholder,  which  is  4'  8"  in  diameter  and  19 
ft.  long,  with  a  capacity  of  265  cubic  feet  per  atmosphere.  These 
holders  have  welded  steel  shell  with  spherical  heads  welded  in. 
They  are  used  with  a  working  pressure  of  14  atmospheres.  We 
also  have  a  number  of  transport  cars  equipped  with  a  welded 
steel  holder  8  ft.  in  diameter  and  36  feet  long.  This  has  a 
capacity  of  1,700  feet  to  the  atmosphere  or  nearly  24,000  cubic 
feet  at  14  atmospheres. 
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I  do  not  wish  to  go  on  record  as  being  in  any  way  opposed 
to  electric  lighting,  because  our  Company  believes  in  electric 
lighting,  and  that  is  going  to  be  used  to  a  greater  extent  in  the 
fumre  than  in  the  past.  We  believe  in  it  sufficiently  to  agree 
to  furnish  electric  light  to  railroads  at  a  stated  rate  per  car,  fur- 
nishing all  equipment  and  attending  to  its  proper  operation.  At 
present  we  are  using  axle  light  equipments.  We  have  a  large 
force  of  men  located  at  every  railroad  center  in  the  country  who 
are  available  for  the  care  of  these  cars,  and  with  this  organization 
are  able  to  take  care  of  the  operation  of  the  cars  more  cheaply 
than  the  railroads  can. 

The  factor  of  cost  of  course  enters  largely  into  the  car  light- 
ing question  and  as  the  actual  cost  of  gas  lighting  is  about  one- 
third  that  of  electric  light  with  most  satisfactory  results  as  to 
efficiency,  its  use  is  bound  to  be  continued. 

As  far  as  the  safety  of  the  Pintsch  gas  goes,  we  can  only 
stand  on  the  record.  I  do  not  believe  that  an  instance  can  be 
cited  in  which  Pintsch  gas  was  responsible  for  a  fire  following 
a  railroad  wreck. 

Mr.  /.  D.  Israel: — I  move  that  the  Section  extend  a  hearty 
vote  of  thanks  to  Mr.  Hulse  for  his  interesting  paper. 

Mr.  W.  H.  Gartley: — I  want  ot  second  that  motion.  I  think 
this  is  one  of  the  most  important  subjects  that  has  come  before 
this  Society,  and  I  hope  that  there  will  be  reported  the  full 
discussion  that  we  have  had,  and  that  each  gentleman  will  see 
that  his  portion  of  the  discussion  is  sent  back  to  the  Secretary 
after  it  is  revised. 

Of  course  the  Society  of  Car  Lighting  knows  more  about 
these  things  than  the  Illuminating  Engineering  Society,  but  this 
seems  to  me  to  be  a  new  branch  to  us,  and  it  is  one  in  which 
the  illuminating  engineers  and  the  public  are  commonly  inter- 
ested; but  I  may  say  this,  that  if  this  paper  gets  into  the  Pro- 
ceedings of  our  Society,  it  will  have  a  very  wide  circulation. 

There  is  scarcely  a  single  meeting  of  the  Board  of  this  Society 
at  which  we  are  not  asked  to  pass  upon  the  exchange  of  various 
periodicals  with  the  different  Colleges  and  Societies  all  over 
the  country,  and  I  think  this  will  be  a  branch  that  will  do  us 
a  great  deal  of  good. 


I08      TRANSACTIONS  OF  ILLUMINATING  i:NGINKERING  SOCIETY 

Chainiian: — The  motion  has  been  made  and  seconded  that  a 
vote  of  thanks  be  tendered  ]\Ir.  Hulse;  those  in  favor  please 
signify  in  the  usual  way.     So  ordered. 

I  want  to  announce  at  the  next  meeting  of  the  Section  on 
January  2ist,  1910,  the  subject  will  be: — ''The  Standard  of  White 
Light,"  by  Dr.  Herbert  E.  Ives,  of  the  National  Electric  Lamp 
Association,  and  I  extend  on  behalf  of  the  Section  a  cordial 
invitation  to  every  guest  who  is  here  tonight  to  be  present  with 
us,  to  hear  Dr.  Ives,  and  we  will  be  glad  to  see  any  of  you  who 
are  not  members  of  the  Society  join  with  us. 
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MEETING  OF  FEBRUARY  10,  1910. 

A  meeting  of  the  Council  was  held  in  the  Engineering  So- 
cieties' Building,  New  York,  on  Thursday,  February  10,  1910. 
There  were  present  Messrs.  E.  P.  Hyde,  president;  W.  H.  Gart- 
ley,  W.  CuUen  Morris,  V.  R.  Lansingh,  J.  S.  Codman,  C.  O.  Bond, 
Bassett  Jones,  Jr.,  L.  B.  Marks,  Preston  S.  Millar,  general  sec- 
retary. E.  N.  Hyde  was  present  by  invitation.  The  reading  of 
the  minutes  of  the  previous  meeting  was  dispensed  with. 

The  general  secretary  submitted  a  report  showing  cash  on 
hand  January  i,  $960.87.  January  receipts,  $2,707.87;  disburse- 
ments, $1,137.58;  cash  on  hand  February  i,  $2,531.16.  Total 
number  of  members  on  roll,  1,047.  Total  number  of  members 
having  paid  dues  during  January,  356.  Bills  aggregating 
^GyG.yy  were  presented  and  ordered  paid,  subject  to  the  approval 
of  the  Finance  Committee. 

The  following  proposals  for  amendments  to  the  By-Laws, 
having  had  preliminary  hearing  at  the  November  meeting  of  the 
Council,  were  read  and  approved : 

Art.  J,  Sec.  6.  Omit  sentence  reading,  "This  instruction  shall 
be  printed  with  the  list  of  applications  published  in  the  Trans- 
actions.'" 

Note  : — The  remaining  sentences  of  Section  6  should  then 
bear  a  notation  referring  to  Section  3  instead  of  to  Section  4  of 
the  Constitution. 

Art.  4,  Sec.  5.  Change  last  two  sentences,  making  them  read 
as  follows :  "At  the  expiration  of  two  months  thereafter,  if 
still  in  arrears,  he  shall  be  notified  that  his  name  will  be  pre- 
sented to  the  Council  as  delinquent,  ■  if  the  dues  are  not  paid 
within    one   month.     If   the   member   continues    delinquent,    the 
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Council  shall  drop  him  from  membership  at  the  regular  meeting 
held  in  October." 

Art.  p,  Sec.  I.  Change  shall  to  iiiay,  making  the  first  sentence 
read,  ''Upon  petition  for  the  authorization  of  a  section  of  the 
Society,  the  Council  may  accord  such  authorization  if  the  neces- 
S3.ry  membership  exists  within  the  locality  specified  in  the 
petition." 

It  was  resolved  that  the  entrance  fee  be  waived  until  June 
15,  1910,  and  that  notice  of  this  fact  be  communicated  to  the 
Section  Secretaries. 

The  President  announced  and  the  Council  approved  the  ap- 
pointment of  the  following  committees  for  the  year  1910: 

Bditing  and  Publication :  G.  A.  Wardlaw,  E.  L.  Elliott,  and 
Preston  S.  Millar. 

Board  of  B.vaminers :     A.  H.  Elliott  and  Preston  S.  Millar. 

Nomenclature  and  Standards:  A.  C.  Humphreys,  chairman; 
J.  E.  Woodwell,  secretary;  Louis  Bell,  Andre  Blondel,  Hans 
Bunte,  John  W.  Howell,  E.  P.  Hyde,  A.  E.  Kennelly,  John  B. 
Klumpp,  Vivian  B.  Lewes,  L.  B.  Marks,  Edward  L.  Nichols, 
C.  C.  Patterson,  F.  Schniewind,  C.  H.  Sharp,  W.  D.  Weaver, 
E.  B.  Rosa. 

Advertising-.  VanRensselaer  Lansingh,  chairman;  F.  B.  Rae 
and  Joseph  D.  Israel. 

Division  of  Membership:  E.  L.  Elliott,  chairman;  Louis  Bell, 
Bassett  Jones,  Jr.,  and  George  C.  Keech. 

The  president  presented  a  proposal  calculated  to  increase  the 
activity  of  the  Society  in  disseminating  knowledge  of  illuminating 
engineering.  His  plan  contemplates  a  course  of  lectures  by  au- 
thorities on  each  of  the  various  aspects  of  illuminating  engi- 
neering, the  lectures  to  be  delivered  under  the  joint  auspices  of 
the  Society  and  of  some  university,  and  to  form  a  post-graduate 
course. 

It  was  then  resolved  that  the  president  shall  appoint  a  com- 
mittee, of  which  he  shall  be  the  chairman,  to  investigate  the 
feasibility  of  establishing  such  courses,  and  that  such  committee 
shall  report  definitely  to  the  Council. 

Upon  request  of  the  Council,  the  president  announced  that 
he  would  appoint  later  the  following  committees : 
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Section  Development. 

Progress.     (To  report  at  the  Annual  Convention). 

Nezv  Members.  The  members  of  the  last  named  committee 
are  to  report  plans  of  campaign  to  the  Council  before  taking 
action. 

Members  Elected  February   io,   1910. 

GiEB,  W.  v.,  121  East  Baltimore  Street,  Baltimore,  Md. 
Meyer,  Franklin,  J.,  Westinghouse  Lamp  Co.,  Bloomfield,  N.  J. 
Meek,  S.  G.,  604  Riverside  Drive,   New  York,   N.  Y. 
Knowles,  R.  W.,  3267  Locust  Street,  Philadelphia,  Pa. 
Lee,   T.    Fred,  514  Atlantic  Avenue,   Boston,    Mass. 

Mann,    Howard    E.,    Montreal    Light,    Heat    &    Power    Co.,    Montreal, 
Canada. 

Frank,  S.  S.,  50  Church  Street,  New  York,  N.  Y. 

McNabb,  B.  G.,  Montreal  Light,  Heat  &  Power  Co.,  Montreal,  Canada. 

MouETON,  Walter  R.,  Glen  Ellyn,  111. 

Wheeler,  Harvey  B.,  3149  W.  14th  Place,  Chicago,  111. 

WiCKENDENT,    William    E.,    was    reinstated    as    a    member. 


OBITUARY. 


C.  J.  TOERRING. 

Mr.  Christian  J.  Toerring,  a  member  of  the  Philadelphia  Sec- 
tion and  an  electrical  engineer  of  much  prominence,  died  at  his 
home  in  Philadelphia  on  Friday,  April  22,  19 10.  He  was  a 
pioneer  in  bringing  the  enclosed  arc  lamp  to  its  present  state 
of  perfection.  Although  but  39  years  old,  Mr.  Toerring  ranked 
among  the  first  in  his  profession. 

He  was  born  in  Denmark,  but  was  brought  to  this  country 
when  a  child.  He  was  educated  at  the  LTniversity  of  Illinois, 
taking  his  engineer's  degree  by  post  graduate  work  at  Cornell. 
He  went  to  Philadelphia  in  1899  and  soon  made  a  name  for  him- 
self as  a  manufacturer  of  arc  lamps.  He  was  a  member  of  the 
Franklin  Institute,  the  American  Institute  of  Electrical  Engi- 
neers, and  the  Illuminating  Engineering  Society. 

He  received  highest  awards  at  the  National  Export  Exposi- 
tion, Philadelphia,  1899,  Paris  Exposition,  1900,  Buffalo  Expo- 
sition, 19 10,  also  the  Edward  Longstreth  Medal  of  Merit  by 
the  Franklin  Institute  in  1903. 
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CAMPAIGN  FOR  MEMBERSHIP. 


The  Council  of  the  Society  has  appointed  W.  H.  Gartley,  of 
the  United  Gas  Improvement  Co.,  Philadelphia,  Pa.,  H.  B. 
Dates  of  the  Case  School  of  Applied  Science,  Cleveland,  O.,  and 
J.  Robert  Crouse  of  the  National  Electric  Lamp  Company, 
Cleveland,  O.,  (Mr.  Crouse,  chairman),  as  a  Membership  Com- 
mittee to  increase  the  membership  of  the  society.  It  is  the  in- 
tention to  make  this  campaign  an  active  but  a  conservative  one, 
through  the  careful  preparation  of  a  list  of  those  to  whom  the 
society  can  be  of  great  service  and  who  really  need  the  society 
in  their  work. 

With  this  thought  in  view,  your  co-operation  is  now  sought 
for  information  of  the  proper  men  for  solicitation  by  this  com- 
mittee. The  committee  would  thank  you  for  the  names  of  a 
few  of  your  acquaintances,  including  their  address  and  business 
connection,  in  order  to  call  to  their  attention  the  usefulness  of 
the  society. 

The  committee  will  also  be  grateful  for  any  suggestions  on  the 
subject  of  increasing  the  membership  of  the  society. 
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A  paper  presented  at  a  meeting  of  the  Phila- 
delphia Section  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia ,  Pa.,  January  21,  1910. 


LUMINOUS  EFFICIENCY. 


BY   HERBERT  E.    IVES. 


The  problem  of  determining  tlie  efficiency  of  the  artificial  pro- 
cesses of  light  production  has  engaged  the  attention  of  inves- 
tigators ever  since  the  definite  beginnings  of  the  science  of  illu- 
mination, early  in  the  last  century.  The  problem  is  a  complicated 
one,  almost  solely  because  one  of  its  chief  factors  is  not  physical, 
but  physiological.  The  product  of  the  process  of  conversion 
of  energy, — light, — is  something  the  quantitative  measurement  of 
which,  in  the  case  of  illuminants,  depends  upon  subjective  sen- 
sation. The  difficulties  imposed  by  the  nature  of  light,  consid- 
ered as  a  subjective  sensation,  have  been  such  that  the  quanti- 
ties most  generally  used  in  attempting  to  make  scientific  com- 
parisons of  illuminants  have  been  at  best  approximations.  These 
quantities  have  in  fact  been  arrived  at  by  largely  disregarding 
the  physiological  side,  and,  just  in  proportion  to  the  amount 
of  this  disregard,  are  they  unsatisfactory. 

Within  the  last  few  years  considerable  work  has  been  done 
on  the  relation  between  radiation  and  light.  Following  the 
pioneer  work  of  Langley  and  Koenig,  such  men  as  Fery,  Guil- 
laume,  Eisler,  Drysdale,  Nutting,  and  others  have  made  con- 
tributions to  the  general  problem.  As  a  consequence,  it  is  now 
possible  to  make  definite  and  satisfactory  comparisons  of  the 
efficiencies  of  artificial  light  sources,  where  by  "efficiency"  is 
understood  the  ratio  employed  in  the  measurement  of  any  trans- 
formation of  energy,  namely,  the  ratio  of  the  useful  work  ren- 
dered by  the  process  to  the  energy  put  in,  each  being  measured 
in  appropriate  units.  Curious  as  it  may  seem,  in  the  estima- 
tion of  efficiencies  the  method  of  electrical  engineermg  has  been 
more  scientific  than  the  methods  generally  used  by  scientific 
writers.  "Lumens  per  watt"  is  an  exact  measure  of  efficiency, 
while  "Luminous  efficiency"  is  not.  It  has  only  been  by  co- 
ordinating the  concep*:ion  of  luminous  efficiency  with  lumens 
per  watt  measurements,  by  including  the  physiological  factors, 
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that  progress  has  been  made  possible  in  the  scientific  study 
of  efficiencies.  As  an  illustration,  it  is  now  possible  to  express 
the  common  candles  per  watt  of  the  commercial  incandescent 
lamp  in  terms  of  an  absolute  efficiency.  The  ''4-watt''  carbon 
lamp,  for  instance,  has  an  efficiency  of  0.4  per  cent.  The  standard 
of  comparison  is  the  most  efficient  possible  light  source ;  and 
the  ratio  of  the  lumens  (or  candles)  per  watt  of  two  illuminants 
is  the  ratio  of  their  absolute  efficiencies.  This  is  obviously 
as  it  should  be,  but  in  the  ''luminous  efficiencies"  which  have 
figured  in  scientific  investigation,  such  has  not  been  the  case. 

In  the  present  paper  are  outlined  the  scientific  methods  which 
have  been  employed  at  one  time  and  another  in  comparing 
the  efficiencies  of  light  sources.  The  methods  of  estimating 
and  the  values  obtained  for  "luminous  efficiency''  and  for  the 
"mechanical  equivalent  of  light"  are  noted  as  briefly  as  possible, 
chiefly  for  the  purpose  of  showing  in  what  way  they  are  in- 
adequate for  our  present  more  exact  needs,  and  in  how  far 
they  have  assisted  toward  the  more  satisfactory  idea  of  efficiency 
now  possible.  The  writings  and  experimental  work  of  several 
men  are  drawn  upon  freely,  in  particular  the  excellent  dis- 
cussion of  Drysdale.^  The  object  here  is  not  so  much  to  pre- 
sent original  work,  of  which  there  is  very  little,  as  to  aid  in 
clearing  up  the  confusion  which  exists  at  present,  and  to  bring 
to  the  solution  of  the  scientific  side  of  the  problem  some  pieces 
of  work  which  have  only  recently  become  available,  or  whose 
availability  has  not  heretofore  been  realized. 

The  discussion  centers  about  four  topics.  ist,  "Radiant  Lu- 
minous Efficiency,"  the  most  frequently  used  basis  of  comparison 
of  light  sources.  2nd,  "Total  Luminous  Efficiency."  3rd,  "The 
INIechanical  Equivalent  of  Light."  4th,  "Reduced  Luminous 
Efficiency,"  the  term  applied  by  Drysdale  to  the  more  rational 
and  exact  basis  of  comparison  which  it  is  the  object  of  this 
paper  to  present  and  emphasize. 

Before  considering  the  subject  in  detail,  warning  should  here 
be  given  that  a  multiplicity  of  similar  sounding  terms  will  be 
met  with.  The  resulting  confusion  is  painful.  Only  after  mak- 
ing a   special   study  of  the   subject  can  these  terms  be  clearly 

1  ninminating  Knjjineer,  London,  Vol.  i,  190S. 
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differentiated  by  the  mind,  and  used  correctly.  At  the  con- 
clusion, the  suggestion  will  be  made  that  the  majority  of  these 
confusing  terms  be  altogether  discarded. 

RADIANT  LUMINOUS   EFFICIENCY 

The  term  ''luminoas  efficiency"  is  usually  applied  to  the  ratio 
of  a  certain  fraction  of  the  radiated  energy  to  the  total  radiated 
energy.  It  is  also  sometimes  applied  to  the  ratio  between  this 
fraction  of  the  radiated  energy  and  the  total  applied  energy, — a 
more  or  less  different  quantity.  In  order  to  make  clear  the  re- 
lationship of  the  various  quantities  involved  in  either  use  of 
the  term  ''luminous  efficiency,"  let  us  consider  the  transforma- 
tions undergone  by  the  energy  supplied  to  a  light  source. 

The  total  applied  energy  is  given  out  in  three  forms,  repre- 
sented below : 

f  Conduction^  as  through  supports,  piping  or  wiring. 

'T  4  1    i.j.T  ^  ^ .  I  Convection,  heat  carried  off  by  currents  in  the  sur- 

Fotal  abHied  eners^y    \  '  ■,•  -.•      -^ 

^  ^-^     I  rounding  medium. 

y  Radiation,  electro-magnetic  waves  in  the  ether. 

Of  these,  conduction  and  convection  contribute  nothing  to  the 
production  of  light-.  Radiation  has  been  commonly  divided  into 
three  parts : 

1.  The  long,  infra-red,  or  heat  waves,  to  which  the  eye  is  not  sensitive. 

2.  The  intermediate   waves,   constituting  visible  radiation. 

3.  The  short  waves,  called  actinic,  or  ultra-violet,  which  do  not  cause 
the  sensation  of  light  in  the  eye. 

These  are   shown   diagrammatically  in   Fig.   i.     If  we  desig- 


ULTf^A  yioUT  VISIBLE 


INFRA   -   P.ED 


Fig.  I — Energy  distribution  of  black  body  radiation. 

nate  the  total  applied  energy  by  Q,  the  total  radiated  energy  by 
R,  and  by  L  that  portion  of  the  radiated  energy  appreciated  by 
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the  eye  as  light,  we  can  express  the  three  efficiencies  which  have 
usually  been  employed,  as  follows : — 

Efficiency  of  transformation  of  applied  energy  into  radiation    R/Q 
Ratio   of   visible   to   total   radiation  L/R 

This    has    been    called    "radiant  efficiency"    by    Nichols 
to  distinguish  it  from 
Ratio    of     visible     radiation     to    energy    input,      or    "total 

efficiency"  L/Q 

Inspection  of  these  ratios  shows  that  in  order  to  express 
them  as  percentages  L,  R  and  Q  should  be  in  the  same  units. 
Two  consequences  of  this  are  to  be  noted.  First,  since  the  prop- 
erty of  light  with  which  we  are  most  concerned,  namely  its 
visual  intensity,  is  not  directly  proportional  to  quantity  of  ra- 
diation, but  varies  with  wave-length,  therefore  light,  considered 
photometrically,  cannot  be  expressed  as  a  simple  energy  quan- 
tity, as  can  R  and  Q.  This  difficulty  has  long  been  realized, 
but  has  apparently  been  regarded  either  as  of  no  consequence, 
or  as  impossible  to  meet.  Consequently  the  physiological  factor 
entering  (visual  sensibility)  has  been  considered  only  to  the  ex- 
tent of  recognizing  certain  largely  arbitrary  boundaries  to  the 
radiation  which  is  appreciable  by  the  eye.  For  L  is  taken  the 
quantity  of  radiated  energy  lying  between  certain  wave-lengths, 
usually  chosen  as  .y6ix  and  .38/u,  although  we  find  wave-length 
limits  of  .80/X,  .yOfjL  and  .40/x  sometimes  taken.  Radiant  efficiency 
then  becomes  the  ratio  of  that  radiated  energy  between  the 
chosen  spectral  limits,  to  the  total  radiated  energy.  It  is  obvious 
that  the  values  will  depend  upon  what  wave-length  limits  are 
taken,  a  serious  objection  to  the  method.  This  visible  portion 
of  the  radiated  energy  should  be  called  "light"  only  in  the 
sense  that  it  is  appreciable  by  the  eye;  great  care  should  be 
taken  not  to  think  of  it  as  light  quantity  as  derived  by  photom- 
etry. The  importance  of  this  caution  will  become  evident  as 
we  proceed.  It  is  sufficient  to  state  here  that  by  this  criterion 
two  illuminants  could  each  have  100  per  cent,  efficiency  but  differ, 
due  to  difiference  in  color,  in  their  candle-power  per  applied 
watt  by  several  times. 

The  second  consequence  of  the  limitation  imposed  by  the  units 
is  that  the  radiant  efficiency  L/R  is  more  often  determined  than 
the  total  efficiency  L/Q.     The  two  quantities  L  and  R.  as  we 
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shall  see,  are  measured  in  the  same  way,  by  radiation  meters, 
so  that  determination  of  their  absolute  values  is  not  necessary 
to  obtain  their  ratio.  On  the  other  hand,  L  and  Q  are  usually 
measured  by  different  means,  L  by  radiation  meters  which  do 
not  immediately  give  absolute  energy  values,  Q  by  watt-meters, 
in  the  case  of  electric  lamps,  or  equivalent  methods  with  other 
illuminants.  To  obtain  the  total  efficiency,  L  therefore,  as  well 
as  O,  must  be  obtained  in  energy  units. 

Two  general  methods  have  been  used  to  determine  radiant 
luminous  efficiency. 

First, — by  exposing  a  radiation  meter  (thermopile,  bolometer, 
pyroheliometer,  etc.)  first  to  the  total  radiation  R  and  then  to 
the  visible  radiation  L. 

Second, — by  measurement  of  the  distribution  of  energy  along 
the  spectrum,  and  subsequent  integration  of  the  whole  area  as 
plotted  from  the  observations,  and  of  the  visible  portion. 

In  using  the  first  method  it  is  necessary  to  decide  on  some 
means  of  separating  the  visible  from  the  total  radiation.  One 
of  the  earliest  means  was  the  use  of  absorbing  screens,  opaque 
to  the  infra-red  rays.  In  this  way  alum  and  water,  and  later 
ferro-ammonium  sulphate  have  been  employed,  and  numerous 
values  of  L/R  obtained.  At  best  absorbing  screens  are  unsatis- 
factory, for  their  limits  of  transmission  are  not  well  defined, 
and  as  is  evident  from  Fig.  i,  a  slight  shift  of  the  line  of 
separation  of  'Visible"  and  'Mark"  radiation  can  make  a  large 
change  in  the  value  of  L.  Furthermore  it  has  been  found  by 
Nichols  and  Coblentz  that  the  results  obtained  by  water,  alum, 
and  iodine  absorption  cells  are  not  trustworthy  because  the  trans- 
mission coefficients  are  not  as  usually  assumed.  Drysdale  finds 
the  ferro-ammonium  sulphate  solution  chemically  affected  by 
radiation  and  hence  also  unreliable.  For  these  reasons  values 
obtained  by  the  use  of  absorbing  solutions  are  only  of  interest 
historically. 

A  better  method  for  performing  this  separation  is  that  of 
Angstrom.  A  spectrum  is  formed,  an  opaque  screen  placed 
over  the  portion  not  desired,  and  the  energy  re-condensed  upon 
the  energy  measuring  instrument.     This  has  been  used  by  Ang- 


I  l8      TKANSACTIONS  OF  ILLUMINATING  DNGINKERING  SOCIETY 

Strom  and  by  Ingersoll,  and  their  figures  are  probably  the  only 
ones  of  value  obtained  from  direct  measurement  of  L  and  R. 

Radiant  efficiency  by  the  second  or  spectrum  integration 
method  has  been  determmed  by  Tyndall,  Langley,  Nichols  and 
others.  The  method  demands  sensitive  instruments,  as  well  as 
considerable  time  and  labor,  but  it  is  probably  as  satisfactory 
a  one  as  any. 

In  the  table  below  are  a  few  values  of  radiant  luminous  efficien- 
cies, as  determined  by  the  means  which  are  apparently  exact 
and  reliable. 

TABLE    I. 
"Radiant  Efficiencies."     Ratio  of  radiunt  energy  between  wave  lengths- 
.38/Li  and  ,76^1  to  total  radiant  energy. 

Source.  Observer.  Date.  Method  1,/R 

Hefner  Angstrom  1903         Opaque  Screen .0096 

Nernst  Ingersoll  1903  "  "       -0417 

Acetylene  Angstrom  1903  "  "        .055 

"  Nichols  1903        Spectrum  Integration .03  to  .04 

"4-watt"  Car-     Ives  and  Cob- 

bon  lamp  lentz  1909  "  "  .018 

Before  passing  on  to  the  discussion  of  ''total  efficiency,"  the 
exact  meaning  and  limitations  of  the  radiant  efficiencies  tabulated 
above  must  be  emphasized. 

The  value  of  L/R  gives  us  this  information : —  The  same  light, 
both  as  to  quantity  and  distribution  in  the  visible  spectrum,  could 
be  obtained  from  the  fraction  L/R  of  the  radiated  energy.  This 
information,  although  of  considerable  value  as  giving  us  an 
approximate  idea  of  the  wastefulness  of  artificial  light  produc- 
tion, is  incomplete,  for  it  recognizes  no  difference  in  the  illumi- 
nating value  of  the  visible  radiation  depending  on  its  color  or 
quality.  Illuminants  in  which  all  the  radiated  energy  lies  in  the 
visible  spectrum  would  be  rated  alike  as  100  per  cent,  efficient. 
A  red  light  and  a  yellow  light  of  equal  energy  output  would 
be  rated  the  same,  although  the  latter  could  be  a  hundred 
times  as  bright  as  the  former,  because  of  the  distribution  of  sen- 
sibility in  the  eye.  Efficiency  in  an  illuminant  does  not  follow 
simply  from  its  radiation  being  concentrated  in  the  visible  re- 
gion, but  also  to  a  very  large  degree  from  that  radiation  be- 
ing advantageously  placed  in  the  visible  region.     A  practical  re- 
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suit  of  this  is  that  the  ratio  of.  the  candles  per  watt  of  two  illumi- 
nants  is  not  that  of  their  luminous  efficiencies,  for  the  two  candle- 
powers  are  determined  in  part  by  the  different  distribution  in 
the  visible  region  of  the  radiation,  as  well  as  by  the  amount  of 
visible  radiation. 

The  100  per  cent,  efficiency  of  this  method,  to  which  other 
efficiencies  are  compared,  therefore,  merely  expresses  the  con- 
dition that  all  the  radiant  energy  lies  within  certain  limits.  It 
gives  no  information  as  to  how  advantageously  the  radiation 
might  be  placed  in  that  region.  It  gives  in  fact  only  a  rough 
measure  of  real  efficiency. 

TOTAL    LUMIiNTOUS    EFFICIENCY. 

To  obtain  the  radiant  efficiency  it  has  only  been  necessary  to 
know  the  ratio  of  luminous  to  total  radiation.  If,  however,  we 
know  L,  the  luminous  energy,  in  energy  units  (assuming  the 
energy  input  similarly  measured,  as  is  usual)  we  are  in  a 
position  to  find  the  total  efficiency  L/Q,  or  the  proportion  of 
the  total  applied  energy  (as  distinguished  from  the  radiant 
energy)  which  would  be  sufficient  to  give  the  same  light,  in 
quantity  and  spectral  distribution,  as  the  measured  illuminant. 
The  total  efficiency  is,  like  radiant  efficiency,  a  pure  number;  the 
difference  being  that  by  making  the  comparison  between  L  and 
Q,  instead  of  L  and  R,  we  obtain  a  value  in  which  the  losses  by 
conduction  and  convection  are  taken  account  of. 

Measurement  of  the  radiated  energy  in  absolute  units  has 
usually  been  done  in  connection  with  determination  of  the  me- 
chanical equivalent  of  light,  which  is  treated  in  the  next  section. 
From  values  for  the  mechanical  equivalent  we  obtain  the  energy 
in  visible  radiation  corresponding  to  a  unit  of  light  flux.  Know- 
ing the  energy  input  necessary  to  give  the  unit  of  light  flux 
we  are  in  a  position  to  determine  the  total  efficiency.  We  will 
anticipate  the  results  given  in  the  next  section  to  the  extent  of 
showing  by  one  illustration,  the  derivation  of  ''total  luminous 
efficiency."  Thus,  taking  a  value  given  by  H.  Lux  for  the  con- 
sumption of  energy  by  the  Hefner,  as  115  watts  per  mean 
spherical  candle,  we  obtain  for  its  total  efficiency  .121/115  or 
.001,  as  against  .009  for  the  radiant  efficiency,  indicating  large 
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losses  by  conduction  and  convection.  With  an  incandescent  lamp 
these  losses  are  quite  small,  so  that  total  and  radiant  efficiencies 
are  nearly  the  same. 

\'alues  of  total  efficiency  have  much  the  same  limitations  as 
values  of  radiant  efficiency.  The  standard  of  comparison,  viz., 
the  source  of  ioo%  efficiency,  is  the  same  quantity  and  quality 
of  light  as  the  source  gives;  that  is,  a  part  of  the  source  itself. 
It  is  not  compared  with  an  outside,  absolute  standard  of  efficiency. 
There  is  too,  no  direct  connection  between  total  efficiency  and 
lumens  per  watt. 

THE    MECHANICAL   EQUIVALENT    OE    LIGHT. 

Another  means  of  obtaining  a  measure  of  the  efficiency  of 
light  production  is  by  determination  of  the  "mechanical  equiva- 
lent of  light."  By  the  ''mechanical  equivalent  of  light"  is  meant 
the  energy  value  of  the  visible  portion  of  the  radiation  from  a 
source  giving  a  unit  of  light  flux.  An  equivalent  definition  is : 
The  energy  value  of  the  radiation  of  a  source  of  lOO  per  cent, 
luminous  efficiency,  giving  unit  light  flux.  ^As  the  unit  of  flux 
the  lumen  has  sometimes  been  used,  more  frequently  the  spherical 
candle.  We  shall  in  this  paper  as  a  rule  use  the  spherical  candle 
or  47r  lumens,  although  the  final  values  will  be  given  in  both 
units.  The  object  of  so  doing  is  to  make  a  little  clearer  the 
connection  between  current  practical  measures  and  the  rational 
basis  of  comparison  we  shall  derive.  The  lumen  is  of  course 
preferable. 

The  mechanical  equivalent  of  a  given  light  (the  necessity  for 
this  limitation  will  appear  shortly)  is  expressed  in  watts  per 
mean  spherical  candle.  It  must  not,  however,  be  confused  with 
the  total  watts  per  candle,  which  is  also  a  mechanical  equivalent 
but  in  a  more  comprehensive  sense. 

The  mechanical  equivalent  of  a  light  is  obtained  in  much  the 
same  way  as  radiant  efiiciency.  The  visible  portion  of  the 
radiated  energy  (as  before,  an  arbitrary  line  of  demarcation  must 
be  made)  is  separated  from  the  invisible  and  allowed  to  fall  on  a 
measuring  instrument.  Instead,  however,  of  making  a  mere  com- 
parison of  this  energy  with  the  total,  its  actual  amount  is  measur- 
ed.    The  same  energy  is  then  measured  as  light  quantity  with  a 
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photometer,  and  thus  the  radiant  energy  corresponding  to  one 
spherical  candle  for  the  light  source  in  question  is  determined. 

Values  for  the  mechanical  equivalent  of  several  lights  have 
been  determined  by  Tumlirz,  Angstrom,  Drysdale  and  others. 
The  majority  of  these  were  determined  by  absorbing  screen 
methods ;  if  we  discard  these,  for  the  reasons  given  above,  there 
remain  the  following: 

TABLi:  II. 

Mechanical  Equivalents  of  Light  as  Given  by  Several  Illuminants. 
Energy  value  of  radiation    from    .76^1  to  .38/-  corresponding  to  one  spheri- 
cal candle. 


Source. 

observer. 

Watts  per 
Spherical  Candle, 

Hefner 

Angstrom 

.121 

Arc 

Drysdale 

.0805 

Nernst 

I  ( 

.119 

From  this  table  we  learn  that  the  same  quantity  and  quality 
of  light  as  that  given  by  these  several  sources  could  be  obtained 
by  the  expenditure  of  the  energy  quantities  given  by  the  figures 
of  the  last  column.  Those  quantities  are  of  course  much  less 
than  those  necessary  in  practice  because  we  cannot  restrict  the 
energy  transformation  to  radiant  energy  in  the  visible  region. 

As  to  the  characteristics  and  limitations  of  the  "mechanical 
equivalent  of  light"  one  of  the  most  important  points  to  note  is 
that  the  mechanical  equivalent,  as  defined,  is  different  for  each 
light  source.  This  has  not  been  as  well  understood  as  it  should 
have  been.  It  has  erroneously  been  assumed  that  the  mechanical 
equivalent  is  a  constant,  and  so  some  experimentors  have  thought 
to  obtain  total  and  radiant  efficiencies  simply  by  dividing  the  total 
energy  input  or  total  radiation,  per  mean  spherical  candle,  by 
the  value  obtained  by  Angstrom.  Hisler,^  in  an  article  which 
seems  not  to  have  been  so  widely  noticed  as  it  deserves,  con- 
sidered the  distribution  of  sensibility  in  the  eye,  using  Langley's 
values,  and  showed  that  the  visible  portion  of  the  radiation  from 
a  black  body  increases  several  times  in  luminosity  for  the  same 
quantity  of  radiated  energy,  as  the  temperature  rises  from  1000° 
to  5000°,  due  to  the  more  advantageous  distribution  of  the  visible 
energy  at  higher  temperatures.  It  should,  indeed,  have  been 
obvious  that  the  energy  necessary  to  give  a  certain  intensity  in 

1  Electroiechnische  Zeihchrift,  1904,  p.  188. 
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a  Hefner,  with  its  very  large  amount  of  deep  red,  nearly  useless 
as  luminosity,  would  be  greater  than  if  the  energy  were  concen- 
trated toward  the  more  luminous  part  of  the  spectrum.  As  an 
illustration  of  this  error,  Tumlirz  concluded  from  the  mechan- 
ical equivalent  of  the  Hefner  that  the  highest  possible  efficiency 
of  light  production  must  be  about  six  candles  per  watt,  while 
as  we  shall  see  fifty  candles  per  watt  is  more  probable. 

It  is  therefore  impressed  upon  us  that  the  quality  or  color  of 
the  luminous  radiation  is  a  matter  of  the  first  importance.  In 
consequence  of  disregarding  it  there  exists  no  direct  connection 
between  radiant  or  total  luminous  efficiency,  and  the  practical  and 
satisfactory  candles  per  watt.  Nor  do  we  arrive  at  any  uni- 
versal standard  to  which  to  refer  efficiencies.  The  comparisons 
made  possible  by  the  determination  of  luminous  efficiency  are 
only  rough.  It  is  true  in  general  that  a  source  having  a  large 
value  of  luminous  efficiency  will  be  more  efficient  than  one 
with  a  small ;  that  the  source  having  a  small  mechanical 
equivalent  will  be  more  efficient  than  one  with  a  large ;  although 
in  neither  case  is  this  necessarily  so,  and  our  knowledge  is  but 
qualitative.  Exact  quantitative  comparisons  of  the  efficiency  of 
light  sources  is  impossible  from  mere  knowledge  of  luminous 
efficiency  or  the  mechanical  equivalent,  so-called. 

It  is  evident  then  that  we  have  thus  far  arrived  at  no  satis- 
factory basis  for  the  scientific  comparison  of  efficiencies.  It  is 
necessary  in  order  to  have  this  to  so  change  our  definition  of 
luminous  efficiency  that  it  takes  into  account  quality.  We  must 
carry  the  investigation  of  mechanical  equivalents  to  the  point  of 
finding  the  minimum  possible  mechanical  equivalent.  We  shall 
then  find  a  direct  relation  between  the  new  "luminous  efficiency" 
or  a  light  source,  and  its  candles  per  watt,  and  our  standard  of 
comparison  will  be  the  light  having  that  minimum  mechanical 
equivalent.  The  manner  of  doing  this  is  given  in  the  next 
section. 

REDUCED    LUMINOUS    EFFICIENCY. 

Reduced  luminous  efficiency  (so-called  by  Drysdale)  substi- 
tutes for  the  pure  energy  quantity  which  represents  "light"  in 
radiant  luminous  efficiency,  an  energy  quantity  weighted  accord- 


IVKS:      LUMINOUS  EFFICIENCY  I23 

ing  to  the  capacity  of  the  energy  to  produce  the  sensation  of 
brightness.  This  makes  the  standard  to  which  all  efficiencies 
.are  referred,  the  light  having  the  most  advantageous  possible  dis- 
tribution of  energy,  from  the  standpoint  of  the  production  of  use- 
ful light.  In  place  of  considering  the  mechanical  equivalents  of 
light  we  are  to  be  interested  only  in  the  mechanical  equivalent  of 
that  most  efficient  possible  source.  With  this  we  then  compare, 
not  the  mechanical  equivalents  (in  which  we  are  not  interested) 
tut  the  watts  per  candle  of  our  light  sources.  We  obtain  a  ratio 
identical  with  "reduced  luminous  efficiency."  Also,  and  as  a  con- 
sequence, the  ratios  of  the  candles  per  watt  of  two  sources,  is  the 
ratio  of  their  reduced  luminous  efficiencies. 

The  idea  of  reduced  luminous  efficiencies  is  arrived  at  by  con- 
f>idering  the  relative  luminosities  of  different  portions  of  the 
visible  radiation.  The  yellow-green  or  middle  of  the  spectrum 
b.  the  brightest,  the  red  and  blue  ends,  the  least  bright.  There- 
fore, if  we  had  a  light  source  which  not  only  radiated  all  its 
•energy  in  the  visible  region  (ioo%  "radiant  efficiency")  but 
rad^'ated  it  all  at  the  brightest  wave-lengths,  we  would  have  a 
source  of  lOO  per  cent,  "reduced  luminous  efficiency." 

Drysdale,  following  suggestions  of  Fery  and  Guillaume,  at- 
tacked experimentally  the  problem  of  obtaining  the  mechanical 
equivalent  of  yellow-green  light.  Previously,  however,  Eisler 
without  specifically  mentioning  luminous  efficiency,  had  derived 
a  value  for  this  quantity  indirectly  from  Tumlirz's  values  for 
•the  mechanical  equivalent  of  the  Hefner,  using  Langley's  data 
on  visual  sensibility.  The  present  writer,  in  calculating  the 
luminous  efficiency  of  the  fire-fly,  at  the  time  ignorant  of  Eis- 
ler's  work,  arrived  at  a  value  of  the  mechanical  equivalent  of 
yellow-green  light  by  using  Koenig's  values  for  visual  sensibility, 
and  radiation  measurements  of  a  glow  lamp.  The  derivation 
of  this  quantity  through  our  knowledge  of  visual  sensibility 
will  be  given  here,  for  the  two  reasons,  that  it  makes  possible 
the  derivation  of  the  mechanical  equivalent  in  question  from 
other  known  mechanical  equivalents,  and  that  it  gives  a  method 
of  ascribing  values  of  reduced  radiant  luminous  efficiency  to  all 
-sources  for  which  the  distribution  of  radiation  is  known. 

The  sensibility  of  the  eye  to  different  spectral  colors  at  dif- 
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ferent  illuminations  has  been  studied  by  Langley  and  by  Koenig. 
Koenig's  values  are  the  more  recent  and  complete.  They  have 
been  put  in  convenient  form  by  Nutting,  and  will  be  used  here. 
The  sensibility  curve,  according  to  Koenig,  for  the  normal  eye, 
for  high  intensities,  and  for  a  normal  spectrum  (uniform  energy 
distribution)  is  given  in  Fig.  2.     The  ordinates  give  the  relative 
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Fig.  2 — Sensibility  curve  of  the  eye,  for  a  normal  spectrum  at  high  intensities. 

photometric  values  of  the  different  colors  of  the  spectrum.  The 
maximum  at  .565,a  is  for  convenience  given  the  value  unity. 
The  maximum  of  this  curve  shifts  toward  the  blue  for  low  in- 
tensities,— the  well-known  Purkinje  effect,  and  so  in  using  these 
values  the  fact  must  be  kept  in  mind  that  the  results  hold  only 
for  high  intensities  above  the  region  where  the  Purkinje  effect 
is  marked. 

If  we  know  the  complete  radiation  curve  of  a  source,  as  de- 
termined by  a  bolometer  or  thermopile  in  conjunction  with  a 
spectrometer,  we  can  assign  to  each  wave-length  its  relative  lu- 
minosity value  by  merely  multiplying  its  energy  value  by  the 
ordinate  of  the  sensibility  curve  at  that  wave-length.  We  thus 
obtain  a  reduced  energy  quantity  which  is  proportional  at  each 
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wave-length  to  the  light  value  of  the  energy.  The  area  of  the 
reduced  curve  is  then  proportional  to  the  luminosity  of  the  source. 
Beyond  the  limits  of  the  visible  spectrum  the  value  of  the  re- 
duced energy  is  zero.  If  all  the  radiated  energy  were  concen- 
trated at  .565/A  (the  most  luminous  part  of  the  spectrum)  the  re- 
duced area  would  be  the  same  as  the  unreduced.  This  corre- 
sponds to  100  per  cent,  reduced  radiant  efficiency.  It  follows 
that  the  ratio  of  the  reduced  to  the  total  energy  curves  gives  the 
^'reduced  radiant  luminous  efficiency,"'  where  the  standard  of 
comparison  is  the  efficiency  of  a  source  whose  radiation  is  limited 
to  yellow-green  light  at  .565/*.     In  Fig.  3  are  shown  the  total  and 


Fig.  3 — Reduced  luminous  efficiency  of  a  "  4-watt  "  carbon  lamp. 

reduced  energy  distribution  curves  for  a  ''4-watt"  carbon  lamp. 
The  ratio  of  the  shaded  to  the  total  area  is  the  reduced  radiant 
luminous  efficiency.  The  necessity  for  restricting  the  statements 
to  ''radiant"  efficiencies  thus  far  is  obvious. 

Before  proceeding  further  the  following  short  table  of  reduced 
radiant  luminous  efficiencies  will  g:ive  an  idea  of  the  order  of 
magnitude  of  this  quantity. 


fe' 


TABLE  III. 
Reduced  Radiant  Luminous   Efficiencies. 

Hefner     , ,     .0018 

"4-watt"  carbon  lamp    0043 

Black  body  at  6,000°  absolute   156 

Fire-fly     965 

Monochromatic  light,  wave-length  .565    i.ooo 
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The  total  area  of  the  radiation  curve  is  proportional  to  watts, 
the  reduced  area  to  luminous  tiux  or  spherical  candles,  the  ratio 
of  the  two  is  proportional  to  watts  per  candle.  If  we  determine 
the  constant  of  this  proportionality  by  measuring  the  radiated 
watts  per  candle,  correspondnig  to  a  known  "reduced  radiant 
luminous  efficiency"  wc  can  deduce  the  letluced  luminous  efficien- 
cy oi  any  source  from  knowledge  of  its  watts  per  candle.  De- 
termining this  constant  amounts  to  finding  the  mechanical  equiva- 
lent of  a  light  of  lOO  per  cent,  reduced  radiant  efficiency ;  in 
short,  the  least  amount  of  radiated  energy  that  will  give  one 
spherical  candle. 

Drysdale,  with  apparatus  similar  to  Angstrom,  made  a  direct 
determination  with  yellow-green  light  from  an  arc  spectrum. 
His  value  was  .050  watts  per  candle.  This  is  the  only  direct 
determination  thus  far  made  where  accuracy  was  striven  for. 
By  using  the  method  employed  by  Eisler,  it  is  possible  to  obtain 
values  for  this  quantity  from  observations  on  other  sources 
whose  radiation  curves  or  mechanical  equivalents  are  known. 
Because  of  the  difficulties  in  measuring  the  minute  energy  quan- 
tities represented  by  a  narrow  portion  of  the  spectrum  it  is 
probable  in  the  writer's  opinion  th.at  more  accurate  values  may 
be  obtained  by  calculation  from  quantities  that  are  less  difficult 
to  measure.  This  method  of  calculation  of  the  quantity,  which 
we  shall  call  M,  will  now  be  given. 

The  simplest  way  of  determining  M  (apart  from  a  reliable 
direct  measurement")  is  to  know  the  radiated  watts  per  candle 
of  a  source  whose  reduced  luminous  efficiency  we  also  know. 
Thus  the  writer  with  Dr.  Coblentz  determined  M  from  observa- 
tions on  a  carbon  glow  lamp,  on  the  assumption. — which  cannot 
be  far  from  true, — that  practically  all  the  applied  energ}'  is 
transformed  into  radiation.  The  reduced  radiant  luminous  effi- 
ciency being  .0043,  and  the  watts  per  mean  spherical  candle 
being  4.83.  it  follows  that  a  luminous  efficiency  of  100  per  cent, 
would  correspond  to  .0043  X  4-^3  or  .021   watts  per  candle. 

Recently  through  the  kindness  of  Dr.  E.  P.  Hyde  the  writer 
has  had  an  opportunity  to  calculate  the  value  of  M  from  energy- 
distribution  measurements  on  three  incandescent  lamps  whose 
watts   per  mean   spherical   candle-power   were   known.       These 
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were  an  untreated  carbon,  a  treated  carbon,  and  an  osmium 
lamp,  used  in  an  investigation  on  selective  emission  of  incan- 
descent lamps. ^  The  distribution  in  the  visible  was  obtained  by- 
comparison  with  a  black  body  at  known  temperature  (1690°  abso- 
lute) whose  distribution  was  computed  from  Wien's  equation. 
The  data  were  derived  from  the  lamps  at  low  voltages,  corre- 
sponding to  about  Sj.^  watts  per  spherical  candle  for  the 
carbon  and  about  5^  watts  per  spherical  candle  for  the  osmium, 
so  that  the  proportion  of  visible  to  infra-red  energy  is  quite 
small.  As  high  accuracy  cannot  be  expected  under  these  con- 
ditions as  when  a  large  amount  of  energy  is  radiated  in  the  visible 
region.  The  accuracy  is  also  very  dependent  on  the  exactness 
with  which  the  visible  and  radiometric  measurements  are  joined. 
But  with  careful  measurements  the  results  should  not  be  greatly 
in  error. 

From  the  osmium  lamp,  proceeding  as  with  the  carbon  lamp 
described  above,  the  value  of  M  is  deduced  as  .016  watt,  from 
the  untreated  carbon  .014,  and  from  the  treated  carbon  as  .015 
watt. 

As  far  as  the  writer  knows  these  are  the  only  available  experi- 
ments in  which  both  the  energy  distribution  and  the  quantity  of 
energy  are  given.  However,  we  have  practically  the  same  thing 
in  those  cases  where  we  know  both  the  mechanical  equivalent 
and  the  shape  of  the  radiation  curve  in  the  visible  region.  If  we 
have  the  ''radiant  luminous  efficiency"  as  well,  we  can  de- 
termine the  reduced  radiant  luminous  efficiency,  although  this 
is  not  necessary  to  determine  M.  Knowledge  of  these  quantities 
from  the  work  of  Tumlirz  enabled  Eisler  to  make  probably  the 
first  recorded  determination  of  M.  In  Fig.  4  is  given  the 
radiation  curve  of  the  Hefner  lamp  in  the  visible  region  (.7611 
to  .38/i).  The  smaller  curve  is  the  reduced  area  proportional 
to  luminosity.  The  reduced  luminous  efficiency  of  the  visible 
portion  of  the  Hefner  radiation  is  the  ratio  of  these  areas  or  0.19. 
(The  "radiant  luminous  efficiency"  or  the  ratio  of  this  visible 
area  to  the  whole,  Angstrom  found  to  be  .0096 ;  the  product  of 
the  two  quantities  or  .0018,  is  reduced  radiant  efficiency).  Now 
the  "mechanical  equivalent"  of  the  Hefner,  or  the  quantity  of 

*  Selective  Emission  of  Inc.  Lps.  as  Determined  by  New  Photometric  Methods. 
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energy  radiated  between  these  limits  for  one  spherical  candle 
is  .121  watts.  The  product  .ig  X  .121  or  .023  watts  is  the 
value  of  M,  in  good  agreement  with  the  one  derived  from  the 

/ 


Fig.  4 — Visible  radiation  of  Hefner  lamp. 

"4-watt"  incandescent  lamp,  but  not  with  Drysdale's  direct  ex- 
perimental value.  Eisler  obtained  .017  watts.  As  his  value 
was  obtained  through  Tumlirz's  work  with  absorption  cells  it 
does  not  deserve  so  great  weight  as  the  others,  but  since  the 
same  absorption  cell  was  used  to  determine  both  the  radiant 
luminous  efficiency  and  the  mechanical  equivalent,  the  errors  of 
the  absorption  method  would  be  partly  compensated  for,  and 
the  order  of  magnitude  of  M  cannot  be  far  wrong. 

Drysdale  with  the  same  apparatus  determined  the  mechanical 
equivalent  of  ''white  light,"  using  both  a  Nernst  and  a  carbon 
arc.  From  these,  values  of  M  can  be  calculated  as  above,  al- 
though Drysdale  did  not  do  so.  For  this  purpose  it  is  necessary 
to  know  the  distribution  of  visible  radiation. 

Since  these  two  illuminants  have  practically  the  visible  energy 
distribution  of  a  black  body  at  appropriate  temperatures,  it  will 
be   sufficient   to   know    the   reduced   luminous    efficiency   of   the 
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visible  portion  of  the  black  body  radiation  for  various  tempera- 
tures. Because  of  their  general  interest  and  application,  the 
writer  has  worked  out  by  this  method  the  reduced  luminous 
efficiencies  of  the  black  body  for  a  series  of  temperatures,  cal- 
culating the  radiation  curves  from  the  equation  of  Wien.  The 
values  for  the  visible  portion  alone  are  given  in  Fig.  5.     It  is  at 
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Fig.  5—  Reduced  luminous  efficiency  of  visible  radiation  of  black  body. 

once  evident  why  the  mechanical  equivalent  of  light  depends 
upon  the  character  of  the  visible  radiation,  since  the  ordinates 
here  represents  quantities  of  light  corresponding  to  the  same 
energy  quantity. 

The  values  just  obtained  can  be  used  in  conjunction  with  the 
older  ''radiant  luminous  efficiency"  to  determine  reduced  values 
for  the  total  black  body  radiation  and  illuminants  of  similar 
visual  energy  distribution.  Drysdale  has  calculated  the  radiant 
luminous  efficiencies  of  a  black  body  (L/R),  and  the  values  are 
shown  by  the  dotted  line  in  Fig.  6.  These  have  each  been  re- 
duced according  to  Fig.  5,  and  the  resulting  reduced  radiant 
efficiencies  are  given  by  the  full  line.     The  maximum  efficiency 
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is  given  at  about  6000°.  The  radiation  of  the  sun  corresponds 
in  its  visible  region  closely  to  the  black  body  at  about  5000°,  but 
the  difference  in  color  of  the  black  body  between  5000°  and 
6000°  is  so  slight  that  v^e  may  say  that  the  most  efficient  light 
a  black  body  can  give  is  white  light.  We  shall  return  to  the  dis- 
cussion of  these  values  later. 

To  use  these  computations  we  note  that  the  Nernst  corre- 
sponds closely  in  visual  distribution  to  an  acetylene  flame,  which 
in  turn  is  practically  that  of  a  black  body  at  2330°  absolute.^  Re- 
peating the  process  we  have  applied  to  the  Hefner,  we  find  for 
the  reduced  efficiency  of  the  visible  radiation  .255.  This  ap- 
plied to  the  mechanical  equivalent  found  by  Drysdale  for  the 
Nernst  gives  .255  X  .119  or  .03  watts.  Taking  the  arc  as 
equivalent  visually  to  a  black  body  at  3000°  absolute-  we  ob- 
tain .30  X  .0805  or  .024.  These  values  are  not  consistent  with 
the  directly  obtained  value  .059 ;  probably,  in  the  writer's  opinion, 
because  the  chances  of  error  in  measuring  the  energy  in  the 
small  band  of  green  light  were  far  greater  than  in  measuring  the 
whole  visible  spectrum. 

We  obtain  therefore  a  number  of  values  in  the  neighborhood 
of  one  fiftieth  of  a  watt  per  candle,  (with  the  exception  of  Drys- 
dale's  value  of  one-seventeenth).  These  values  because  of  the 
manner  in  which  they  are  obtained  must  be  too  high.  We  have 
assumed  in  deducing  them  that  the  candle-power  measurements 
were  made  at  high  intensities,  and,  in  the  case  of  the  incandes- 
cent lamps,  that  no  energy  is  lost  by  conduction  and  convection. 
In  practice  photometric  work  is  carried  out  at  moderate  illumina- 
tions,^ where  more  energy  is  required,  with  illuminants  of  the 
kind  we  are  considering,  to  give  a  certain  amount  of  light  meas- 
ured by  any  of  the  present  standards  than  at  higher  illumina- 
tions. The  energy  input  would  therefore  need  to  be  less  under 
the  high  illumination  conditions  we  have  assumed.  The  amount 
of  this  connection  is  difficult  to  determine,  being  a  function  of 
the  colors  of  the  standard  and  the  light  tested.  From  some  cal- 
culations made  by  means  of  Koenig's  visibility  curves  for  various 

1  In  a  direct  comparison  bj'  Dr.  E.  P.  Hyde,  the  value  2,326  was  obtained. 

2  Obtained  by  spectrophotometric  comparison  of  10  amp.  D.  C.  arc  with  acetylene. 

•*  If  a  medium  illumination  were  taken  as  standard,  a  sensibility  curve  with  a  maxi- 
mum nearer  the  blue  should  be  used.     This  would  give  smaller  values  for  M. 
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intensities,  using  a  "4-watt"  lamp  as  the  standard  (i.  e.,  con- 
sidering its  candle-power  a  constant  at  all  illuminations)  the 
amount  of  this  correction  for  any  illuminant  and  conditions  here 
considered  would  not  appear  to  exceed  10  per  cent.  With  regard 
to  the  losses  by  conduction  and  convection,  they  would  also 
operate  in  the  direction  of  making  the  energy  assumed  necessary 
for  a  certain  light  flux  too  large.  These  latter  losses  would  be 
proportionally  greater  in  the  lamps  run  at  lower  temperatures. 
The  errors  in  the  calculation  of  the  quantity  M  being  there- 
fore all  in  the  direction  to  make  the  obtained  values  large,  the 
mean  of  these,  viz.,  .024  watt  per  mean  spherical  candle  is  prob- 
ably an  upper  limit.  Giving  small  weight  to  the  values  obtained 
by  Eisler  and  by  Drysdale,  for  reasons  already  given,  it  appears 
that  we  can  assign  with  some  show  of  probability  to  the  quantity 
M  the  value  of  one-fiftieth  of  a  watt  per  mean  spherical  candle, 
or  .0016  watt  per  lumen.  Future  work  may  determine  this 
more  accurately. 

TABLE   IV. 
Values  for  the  Mechanical  Equivalent  of  the  Most 
Efficient  Light. 
Method.  WaUs  per  candle. 

Application  of  Langley's  sensibility  data  to  Tumlirz's  figures 

for  the  Mechanical  Equivalent  of  the  Hefner   (Eisler)    . .     .017 

Direct  measurement  of  yellow-green  light   (Drysdale)    059 

Application  of  Koenig's  sensibility  data  to  energy  distribution 
curves   or  to  mechanical  equivalents    (Ives)  — 

Hefner   (Angstrom's  value  of  mechanical  equivalent)    023 

Nernst   (Drysdale's  value  of  mechanical  equivalent)    030 

Arc  (Drysdale's  value  of  mechanical  equivalent)    024 

"4-watt"    carbon    lamp    (distribution     curve    obtained     by 

Coblentz)     021 

Untreated  carbon  lamp  at  8.6  w.  p.  s.  c.   (distribution  curve 

furnished  by  E.  P.  Hyde)    014 

Treated  carbon  lamp  at  8.0  w.  p.   s.  c.    (distribution  curve 

furnished  by  E.  P.  Hyde)    015 

Osmium  lamp  at  5.5  w.  p.  s.  c.   (distribution  curve  furnished 

by  E.  P.  Hyde)    016 

This  quanity  is  one  of  prime  importance  in  comparing  efficien- 
cies. The  derivation  of  ''reduced  luminous  efficiency"  has  given 
us  a  rational  basis  of  estimating  efficiencies,  but  it  is  largely  a 
means  to  an  end.     One  object  of  studyirhg  efficiencies  is  to  know 
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what  efficiency  should  be  attainable,  and  to  compare  our  present 
ones  with  it.  Future  investigation  should  therefore  devote  itself 
not  as  formerly  to  accumulating  values  of  luminous  efficiency, 
but  to  obtaining  more  accurate  values  of  M. 

It  would  seem  to  the  writer  that  the  most  promising  method 
for  doing  this  would  be  direct  measurement  of  the  light  and 
energy  of  the  very  intense  radiation  from  the  green  line  of  the 
quartz  mercury  arc.  This  gives  much  more  energy  for  measure- 
ment than  does  a  strip  of  continuous  spectrum  and  may  be 
easily  separated  from  the  other  mercury  emission  lines  by  the 
use  of  absorbing  screens.  This  line,  wave-length  .546/^,  does  not 
correspond  exactly  to  the  maximum  of  sensibility  according  to 
Koenig,  but  is  near  enough  so  that  only  a  small  correction  would 
be  necessary.  If  this  direct  method  proves  unreliable,  values 
can  still  be  obtained  through  mechanical  equivalents  of  "white" 
illuminants,  by  the  use  of  the  sensibility  curve.  These  would 
always  be  subject  to  the  errors  of  the  sensibility  curve,  but  a 
comparatively  large  change  in  the  latter  is  necessary  to  make 
much  difference  in  the  resultant  value. 

Using  this  value  of  M,  namely  .02  watts  per  spherical  candle, 
we  can  obtain  some  figures  of  interest.  Referring  to  the  values 
of  reduced  luminous  efficiency  for  the  black  body,  we  see  that 
about  17  per  cent,  is  the  maximum  value  at  6000°.  Using 
Planck's  equation  instead  of  Wien's,  a  slightly  smaller  value 
results,  namely  15.6  per  cent.  This,  the  most  efficient  black 
body,  corresponds  to  .13  watts  per  candle  or  7^2  candles  per 
watt.  If  all  the  radiation  of  the  black  body  were  confined  to  the 
visible  region  {.y6ix  to  .38/x)  the  reduced  efficiency  would  be  34 
per  cent.  (Fig.  5),  or  17  candles  per  watt.  The  limits  taken 
are  however  wider  than  necessary.  A  white  light  would  be  ob- 
tained from  the  radiation  between  wave-lengths  .40^1  and  .70/A. 
The  reduced  efficiency  of  this  radiation  is  42  per  cent.,  or  21 
candles  per  watt.  It  is  therefore  evident  that  the  development 
of  higher  efficiencies  is  dependent  on  finding  substances  which 
not  only  will  stand  a  high  temperature  but  will  radiate  selectively 
in  the  visible  region. 

In  the  following  table  are  collected  figures  for  reduced  lumin- 
ous efficiencies  and  for  candles  per  watt  and  lumens  per  watt. 
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Since  the  (total)  reduced  efficiencies  are  proportional  to  the 
candles  (or  lumens)  per  watt,  it  is  only  necessary  to  know- 
accurately  the  reduced  efficiency  of  one  illuminant,  for  then  the 
ratio  of  the  candles  (or  lumens)  per  watt  of  other  illuminants 
to  it  gives  their  reduced  efficiencies.  The  reduced  efficiencies  of 
the  last  four  on  the  list  were  so  obtained. 

It  may  be  noted  here  that  the  definition  of  reduced  luminous 
efficiency  might  be  put  in  a  slightly  different  form  than  we  have 
used.  Drysdale's  manner  of  putting  it  is  that  the  reduced  lumin- 
ous efficiency  expresses  the  percentage  of  the  applied  energy 
which  would  be  sufficient  to  give  the  same  light  quantity,  had 
the  energy  been  radiated  as  yellow-green  light.  The  two  modes 
of  describing  the  quantity  are  exactly  equivalent. 

TABLE  V. 

Spherical  candles  Lumens  per        Reduced  lumin- 

Source.  per  applied  watt.  applied  watt.        ous  efficiency. 

Ideal  yellow-green  source,  .about  50                 about  625  100% 

Fire-fly ?  ?  96.5 

Black  body  at  6000° 7^  95  15.6 

Black  body  at  6000  between 

.70AC  and  .40A1 21  265.0  42.0 

"4- watt"  carbon  lamp .21  2.6  0.43 

Tungsten .63  7.9  1.3 

D.  C.  Arc i.i  13.8  2.2 

Yellow  flame  arc 3.0  37.8  6.0 

Quartz  mercury  arc 3,4  42.8  6.8 

As  was  the  case  with  so-called  "luminous  efficiency"  it  is  neces- 
sary in  giving  ''reduced  luminous  efficiencies"  to  note  whether 
the  efficiency  is  "radiant"  or  "total;"  that  is,  whether  we  have 
considered  merely  the  energy  radiated,  or  the  whole  applied 
energy.  In  practice  our  knowledge  is  as  a  rule  of  the  applied 
energy.  In  cases,  however,  where  we  are  interested  in  the 
efficiency  of  the  radiated  energy  we  can  obtain  the  radiant  "re- 
duced luminous  efficiency"  by  measuring  the  radiated  energy. 
In  the  case  of  the  fire-fiy  for  instance,  we  can  study  its  radiation, 
but  wc  do  not  know  how  much  energy  it  has  to  apply  to  obtain 
a  certain  amount  of  radiation,  i.  c,  we  cannot  determine  its 
total  efficiency  as  applied  watts  per  candle.  Usually  the  knowl- 
edge we  desire  is  of  the  total  efficiency,  or  the  ratio  of  the  can- 
dles per  watt  to  that  of  the  most  efficient  light.     If,  however, 
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there  is  reason  to  believe  that  a  large  amount  of  energy  is  lost 
in  the  transformation  from  applied  energy  into  radiation  it  be- 
comes of  interest  to  know  the  efficiency  of  the  radiated  energy 
alone.  In  such  cases  the  radiant  and  total  efficiencies  are  re- 
lated to  each  other  by  the  factor  giving  the  efficiency  of  trans- 
formation of  applied  energy  into  radiated  energy.  This  is  a 
quantity  easier  to  determine  than  either  the  so-called  "luminous 
efficiency"  or  the  "mechanical  equivalent"  for  it  is  only  necessary 
to  measure  the  total  radiation  in  watts, — not  a  small  and  diffi- 
cultly measurable  fraction  of  it. 

As  a  consequence  of  developing  the  idea  of  reduced  luminous 
efficiencies  we  find  that  in  order  to  know  all  that  is  usually  of 
significance  about  an  artificial  illuminant, — once  the  value  of  the 
constant  M  is  determined, — we  should  determine — 

1.  Mean  spherical  candle-power. 

2.  Energy  input. 

3.  Radiated  energy. 

From  I  and  2  we  obtain  the  candles  per  watt,  which  we  can 
compare  with  the  candles  per  watt  of  the  ideal  source,  or  of  the 
most  efficient  in  white  light.  This  comparison  will  usually  be 
sufficient  to  answer  our  questions  about  relative  efficiency.  In 
certain  cases  it  will  be  of  importance  to  know  where  the  chief 
waste  of  energy  takes  place.     We  learn  this  from  "2"  and  "3." 

SUMMARY  AND  CONCLUSION. 

The  meaning  and  values  of  the  various  quantities  employed 
in  the  comparison  of  the  efficiencies  of  light  sources  have  been 
reviewed  and  criticized.  It  has  been  pointed  out  that  the  com- 
mon technical  measure  of  efficiency  "candles  per  watt"  or  pre- 
ferably "lumens  per  watt,"  is  exact  and  satisfactory  as  far  as  it 
goes,  while  the  usual  scientific  measure  "luminous  efficiency"  is 
not.  The  weakness  of  the  quantities  "luminous  efficiency"  and 
"mechanical  equivalent  of  light"  is  that  they  take  no  adequate 
account  of  the  relation  between  the  quality  of  the  radiation  and 
the  efficiency,  and  that  the  values  indicating  the  highest  efficiency 
possible  refer  not  to  any  common  standard,  but  only  to  the  par- 
ticular lights  measured.  As  a  consequence  there  is  no  direct 
relationship   between   "luminous   efficiency,"    and    "candles    per 
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watt."  The  luminous  efficiency  and  the  mechanical  equivalent  of 
a  source  are  only  rough  measures,  unsuitable  for  comparisons. 

By  taking  into  consideration  the  quality  of  the  visible  radiation, 
the  idea  of  "reduced  luminous  efficiency"  has  been  developed. 
Here  tlie  standard  of  comparison  is  the  light  which,  owing  to 
the  sensibility  of  the  eye,  is  the  most  efficient.  By  determining  the 
minimum  energy  necessary  to  give  one  spherical  candle  of  this 
most  efficient  possible  light,  a  quantity  is  obtained  to  which 
the  watts  per  candle  of  any  illuminant  may  be  referred,  thus 
giving  a  rational  measure  of  efficiency.  This  measure  of 
efficiency  if  expressed  in  percentage  is  identical  with  "reduced 
luminous  efficiency." 

What  are  the  useful  conclusions  to  be  drawn  from  this  survey  ? 

In  order  to  make  a  complete  discussion  of  this  subject  it 
has  been  necessary  to  use  a  large  number  of  terms,  "radiant 
luminous  efficiency,"  "total  luminous  efficiency,"  "the  mechanical 
equivalent  of  light,"  "reduced  radiant  luminous  efficiency,"  "re- 
duced total  luminous  efficiency."  So  many  similar  terms  are 
altogether  too  confusing  to  be  preserved  in  use.  One  conclusion 
that  might  well  be  reached  would  be  that  we  should  cease  using 
the  term  "luminous  efficiency"  in  its  older  sense  of  the  ratio  of 
visible  to  total  radiation,  using  this  term  to  designate  the  more 
rational  "reduced  luminous  efficiency."  This  should  certainly  be 
done  if  possible.  It  is  probable  though  that  the  term  "luminous 
efficiency"  has  been  too  long  attached  to  the  former  quantity  to 
offer  much  hope  of  its  being  transferred.  The  confusion  of  find- 
ing the  same  term  used  in  different  senses  would  be  very  un- 
desirable. 

In  the  writer's  opinion  the  best  solution  of  the  difficulty  is 
to  discard  the  term  "luminous  efficiency"  altogether.  The  quan- 
tity formerly  meant  by  "luminous  efficiency"  should  be  stated 
explicitly.  In  place  of  so  many  per  cent,  "luminous  efficiency" 
it  is  more  exact  and  satisfactory  to  state  that  such  a  percentage 
of  the  total  energy  radiated  lies  inside  or  outside  the  visible 
spectrum.  This  is  a  rough  measure  of  efficiency,  and  should  be 
so  considered.  The  "mechanical  equivalent"  of  a  light  can  just 
as  well  be  given  without  using  this  name.  State  that  the  visible 
portion   of   the   radiation    has    such    an    energy    value    for   unit 
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light  flux.  Instead  of  applying  the  term  "luminous  efficiency" 
to  that  quantity  we  have  discussed  as  "reduced  luminous  effi- 
ciency," confine  ourselves  to  "efficiency,"  meaning  lumens  per 
watt.  If  we  wish  to  compare  the  efficiencies  of  two  illuminants, 
compare  their  lumens  per  watt,  or  candles  per  watt,  depending 
on  which  unit  of  flux  we  have  used.  If  we  wish  to  know  how 
an  illuminant  stands  with  respect  to  the  highest  possible  efficien- 
cy, compare  its  lumens  per  watt  with  the  lumens  per  watt  of 
yellow-green  light,  or  if  preferred,  to  that  of  the  most  efficient 
white  light.  There  is  no  real  need  for  a  "luminous  efficiency" 
giving  values  in  percentages.  If  a  percentage  value  is  given  it 
can  be  stated  explicitly  that  the  efficiency  of  the  illuminant  is 
so  many  per  cent,  the  efficiency  of  the  standard  yellow-green  or 
white  as  preferred.  But  the  writer's  belief  is  that  it  is  best  to 
avoid  the  use  of  percentages  in  this  connection.  On  this  view, 
the  figures  of  the  "Lumens  per  Watt"  column  of  Table  IV  give 
all  that  is  usually  necessary  in  the  comparison  of  illuminants. 
Make  direct  comparison  of  candles  or  lumens  per  watt,  and  know 
the  goal  of  efficiency  in  light  production. 

The  mechanical  equivalent  of  the  most  efficient  light,  with 
which  we  make  comparisons,  is  a  quantity  for  future  investiga- 
tion to  determine  more  exactly.  The  final  value  will  depend 
upon  conventions  yet  to  be  decided  upon  as  to  the  standard  con- 
ditions of  illumination  under  which  we  shall  consider  our  stan- 
dards of  intensity  to  hold  their  values.  In  short,  it  is  bound  up 
with  the  whole  question  of  color  photometry.  For  the  present 
the  efficiency  of  the  yellow-green  source  is  so  much  higher  than 
any  practically  obtainable  efficiency  that  the  existing  uncertainty 
in  its  value  is  of  no  great  moment,  if  we  use  it  as  here  urged. 
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DISCUSSION. 

C.  O.  Bond : — In  all  the  figures  given,  are  the  degrees  on  the 
Centigrade  scale? 

H.  E.  Ives: — The  temperatures  are  on  the  absolute  scale  or 
Centigrade  +  273  degrees. 

C.  Hcring:^-A  number  of  years  ago  I  recalculated  the 
Turmlitz  and  the  Thomsen  data,  reducing  it  to  modern  terms  and 
units.  At  that  time  I  urged  the  importance  of  determining  what 
I  then  called  the  mechanical  equivalent  of  light.  My  suggestion 
was  ridiculed,  as  some  people  even  doubted  the  existence  of  such 
an  equivalent.  For  this  reason  I  am  pleased  to  see  that  so  able 
a  scientist  as  Dr.  Ives  has  given  this  matter  so  much  attention. 

£.  F.  Northrup : — I  have  several  questions  to  ask.  The  re- 
duced efficiency  of  the  firefly's  light  is  found  to  be  over  96  per 
cent.  Nature,  it  seems,  has  evolved  the  schema  of  producing 
this  light  with  wave  vibrations  of  such  length  as  to  im]}res;- 
human  eyes  in  the  most  effective  way.  Has  this  light  been 
developed  so  that  the  eyes  of  insects  are  also  properly  affected -^ 

The  firefly's  light  is  perhaps  not  created  to  attract  human  eyes, 
and  it  is  but  natural  to  assume  that  the  light  is  used  to  attract 
the  eyes  of  the  firefly,  which  therefore  must  be  as  sensitive  as  the 
human  eye  to  light  of  the  same  quality.  Probably  the  eyes  of 
other  insects  are  affected  in  the  most  efficient  way  by  these  wave- 
lengths, the  same  as  human  eyes  are  affected.  We  cannot  sup- 
pose that  the  firefly  would  make  the  most  efficient  light  for  the 
human  eye  and  inefficient  light  for  the  eye  of  an  insect. 

In  comparing  different  lights  of  different  colors,  does  Dr.  Ives 
believe  that  the  use  of  the  Flicker  photometer  is  a  satisfactory 
means  of  arriving  at  approximately  the  true  light  value  of  differ- 
ent illuminants?  This  is  a  debatable  subject  among  people 
interested  in  photometry. 

How  does  Dr.  Ives  arrive  at  his  estimate  of  temperatures  ap- 
proximating 5,000  degrees :  does  he  exterpolate  known  tempera- 
tures by  means  of  the  Stefan  law,  or  by  some  other  radiation 
law? 

Have  we  any  hope  of  finding  a  light  that  is  not  distributed  in 
the  best  part  of  the  spectrum,  which,  by  the  use  of  an  absorptive 
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medium,  can  be  reproduced  in  the  most  efficient  part  of  the 
spectrum?  By  focusing  dark  rays  on  platinum,  Tyndall  raised 
it  to  incandescence.  He  thus  obtained  light  rays  from  a  body 
originally  non-luminous.  Can  one  hope  to  take  a  red  or  a  blue 
light  and  with  efficient  conversion  change  it  into  a  green  or 
orange  light? 

H.  B.  Ives: — Replying  to  the  first  question  asked  by  Dr. 
Northrup:  It  is  of  extreme  interest  to  know  that  the  maximum 
sensibility  of  the  human  eye  corresponds  with  the  wave-length 
of  maximum  energy  emission  of  the  firefly.  I  presume  Dr. 
Northrup  has  also  in  mind  another  coincidence  that  is  perhaps  ex- 
planatory of  this  coincidence — that  the  wave-length  of  maxi- 
mum energy  emission  of  the  sun  is  also  at  this  point.  The 
human  eye  has  adapted  itself  to  be  most  affected  by  the  radiation 
which  the  sun  gives  out  in  greatest  quantity,  and  the  position 
of  the  maximum  of  energy  emission  by  the  firefly  is  probably 
due  to  a  corresponding  adaptation.  It  would  indicate  that 
the  firefly  must  perceive  colors  and  light  in  somewhat  the  same 
way  that  the  human  eye  does. 

A  question  was  raised  by  Lord  Raleigh  some  years  ago  when 
Darwin  published  his  first  work  on  "Natural  Selection"  which  is 
of  interest  in  this  connection.  Considering  the  butterfly  and 
other  creatures  in  animal  and  insect  life  that  mimic  the  color  of 
their  surroundings,  Lord  Raleigh  asked :  "How  do  we  know  that 
insects  have  the  same  color  sense  that  we  have?  Do  they  really 
mimic?"  We  may,  I  think,  take  the  fact  of  apparent  color  mimi- 
cry and  our  knowledge  of  the  firefly's  light,  and  consider  both  as 
strong  evidence  for  believing  the  color-seeing  apparatus  of  most 
animals  the  same,  or  essentially  the  same,  as  our  own. 

In  regard  to  the  Flicker  photometer :  I  have  been  studying 
this  instrument  preparatory  to  carrying  out  some  investigations, 
for  which  in  fact  I  have  the  apparatus  set  up.  I  find  extremely 
conflicting  evidence,  from  which  it  is  difficult  to  draw  any  satis- 
factory conclusions.  Different  people  get  different  results,  but 
their  conditions  of  working  are  rarely  the  same.  All  color 
photometers  are  dependent  upon  the  size  of  the  field  of  view,  on 
the  illumination,  on  the  state  of  adaptation  of  the  retina,  and 
perhaps  on  the  way  one  feels  at  the  time  of  observation.     It  is 
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hard,  in  brief,  to  say  what  does  not  influence  the  relative  intensity 
of  different  colors.  Now  in  order  to  compare  a  Flicker  photom- 
eter with  any  other,  it  \v\\\  be  necessary  to  have  all  the  similar 
variables  maintained  constant  during  both  sets  of  measurements. 
So  far  as  I  know,  no  complete  set  of  comparisons  under  such 
conditions  has  been  carried  out. 

If  Dr.  Xorthrup  will  look  over  the  results  of  different  ob- 
servers he  will  see  that  they  are  sometimes  different  under  virtual- 
ly the  same  conditions ;  sometimes  alike  under  different  condi- 
tions ;  often  alike  or  different  under  conditions  not  completely 
stated;  and  the  results  obtained  by  some  observers  cannot  be 
unqualifiedly  true  if  certain  result:,  of  other  observers  are. 

B.  F.  Northrup : — The  Germans  are  using  a  form  of  Flicker 
photometer  that  is  a  satisfactory  instrument  for  comparing  lights 
of  different  colors.     It  is  a  prism  arrangement. 

H.  B.  Ives : — Perhaps  the  Bechstein  form.  There  are  a  great 
many  forms  of  Flicker  photometers,  but  whether  the  principle 
itself  is  correct,  or  whether  it  is  consistent  with  itself  or  with 
other  forms  is  a  question  yet  unanswered.  No  sort  of  theory 
of  its  action  seems  to  have  been  developed  as  yet. 

In  regard  to  black  body  radiation  curves :  I  simply  calculated 
them  from  the  Wien's  equation.  As  for  the  transformation  of 
the  useless  into  useful  radiation  I  believe  Mr.  Hammer  in  New 
York  has  experimented  with  fluorescent  reflectors  which,  under 
excitation  of  the  blue  and  green  lines  of  the  mercury  arc,  give 
out  red  light ;  but  as  to  the  efficiency  of  this  transformation  I  know 
nothing. 

Geo.  A.  Hoadley: — Dr.  Ives  has  shown  us  how  our  methods  of 
illumination  differ  from  those  of  the  firefly.  By  ordinary  meth- 
ods of  illumination,  we  produce  a  light  that  is  acceptable  to  the 
eye,  in  much  the  same  manner  as  the  voice  would  produce  a  sat- 
isfactory tone  if  it  should  begin  at  the  longest  wave-length  and 
strike  every  one  of  them  until  it  reaches  the  proper  tone.  It 
other  words,  in  the  heat  radiations  that  are  given  off  there  is  a 
tremendous  loss  before  the  desired  light  is  reached.  The  prob- 
lem for  the  illuminating  engineer  to  solve,  then,  is  to  devise  some 
way  to  get  rid  of  useless  radiations ;  to  strike  at  once  the  lumin- 
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ous  ray  wave-length  and  thereby  attain  the  economic  efficiency 
of   the   firefly. 

C.  Hering: — I  am  pleased  to  see  that  Dr.  Ives  uses  "spherical 
candles"  instead  of  "lumens"  as  a  correct  measure  of  light  flux, 
thereby  getting  rid  of  an  additional  multiplication:  I  have 
drawn  the  attention  of  this  Society  to  this  matter  before. 

B.  P.  Northrup : — Suppose  we  had  a  light  which  exactly  imi- 
tated the  firefly's  light.  It  would  then  give  100  per  cent,  effi- 
ciency, but  our  aesthetic  sense  as  to  its  being  the  proper  color 
would  not  be  satisfied,  as  well  as  white  light  satisfies  it.  Would 
we  be  approaching  the  goal  if  we  were  to  look  for  an  illuminant 
that  is  efficient  in  the  same  sense  that  the  light  of  the  firefly  is 
efficient  ? 

H.  B.  Ives : — The  question  which  Dr.  Northrup  has  asked  was 
referred  to  in  my  paper  published  in  the  October  Transactions. 
Certainly  the  light  of  the  firefly  would  be  unendurable,  and  in- 
finitely worse  than  the  mercury  vapor  lamp,  but  a  white  light 
obtained  by  the  same  general  scheme  of  suppressing  the  useless 
radiations  would  give  a  light  approaching  20  candles  per  watt. 
That  would  be  perfectly  satisfactory.  It  would  be  white,  it 
would  be  most  efficient,  and  it  would  satisfy  our  aesthetic  sense. 
We  do  not  want  to  imitate  the  light  of  the  firefly  exactly,  but  we 
do  want  to  imitate  its  light  efficiency  as  nearly  as  possible,  while 
observing  the  limitations  set  by  our  needs  as  to  color. 

L.  C.  Smth : — What  makes  the  firefly  luminous  ?  Also  how  is 
its  light  generated?  Wliat  is  it  in  the  firefly  that  turns  on  and 
off  the  hght? 

H.  B.  Ives\ — If  I  could  answer  Mr.  Smith's  questions  I  should 
be  a  multimillionaire,  by  virtue  of  the  knowledge  which  I  know  I 
should  be  strongly  tempted  to  use  toward  that  end  before  impart- 
ing it  to  the  world.  I  am  sorry  I  cannot  answer  his  questions 
satisfactorily.  I  can  tell  Mr.  Smith  in  what  class  the  firefly's 
radiation  falls,  however. 

We  classify  radiation  as  temperature  radiation,  and  as  lum- 
inescence. Temperature  radiation,  as  the  name  implies,  is  pro- 
duced by  the  application  of  high  temperature  to  solid  or  liquid 
bodies.     We  find,  however,  certain  bodies  which  at  a  low  tem- 
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perature  give  an  amount  of  light  much  greater  than  could  be 
produced  at  that  temperature  by  temperature  radiations  alone. 
Wq  call  these  bodies  luminescent.  The  firefly's  radiation  is 
luminescent, 

£.  S.  Pclling: — Is  the  light  of  the  firefly  continuous?  We 
see  it  when  the  firefly  opens  its  wings.  Last  summer  I  noticed  a 
lighted  object  in  a  chair;  I  picked  it  up  and  I  found  it  was  a  fire- 
fly, lying  on  its  back. 

H.  E.  Ives : — Ordinarily  a  firefly  in  its  normal  condition  flashes 
intermittently,  but  as  a  rule  it  has  a  small  glow  all  the  time.  By 
the  somewhat  cruel  operation  of  pressing  it  between  the  finger 
and  thumb  it  will  glow  more  than  ordinarily.  Ordinarily  it  has  a 
rather  faint  glow  between  flashes.  Sometimes  when  hurt,  its 
light  becomes  very  strong,  but  that  condition  seems  to  use  up 
the  vital  energy  and  the  firefly  becomes  exhausted  or  dies. 

F.  N .  Morton  : — I  read  a  number  of  years  ago  about  an  ex- 
periment that  was  made  of  putting  a  firefly  in  an  atmosphere  of 
oxygen,  when  it  glowed  with  increased  brilliancy. 

H.  E.  Ives : — Experiments  of  a  chemical  nature  would  indicate 
that  there  is  some  process  of  slow  oxidation  that  takes  place, 
because,  taking  away  the  oxygen,  the  glow  ceases.  Of  course 
the  insect's  life  would  stop  too,  but  I  believe  the  experiments 
were  carried  out  in  such  a  way  as  to  show  that  the  luminescence 
was  due  to  the  presence  of  oxygen.  The  breathing  apparatus 
of  the  firefly  is  such  as  to  supply  great  quantities  of  air  to  the 
luminescent  portion  of  its  body,  which  would  imply  that  it  is 
some  process  of  oxidation. 
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The  Chicago  Section  of  the  Illuminating  Engineering  Society 
met  in  the  Grill  Room  of  the  Coliseum  for  dinner  at  six  o'clock 
Thursday  evening,  January  20,  1910.  The  subject  of  the  even- 
ing was  "Indirect  Lighting."     Chairman  Scheible,  presided. 

Chairman  Scheible: — At  one  of  our  previous  meetings  we  saw 
the  first  public  introduction  of  a  practical  method  of  indirect 
lighting  suitable  for  residences,  which  was  then  in  an  early  stage 
of  development.  Since  that  time  it  has  been  introduced  to  a 
considerable  extent,  and  we  have  had  opportunities  to  observe 
its  practicability. 

There  is  an  important  practical  phase  of  our  topic;  namely, 
the  cost  of  maintenance  of  such  indirect  systems  in  comparison 
with  methods  heretofore  used.  Perhaps  no  one  among  us  has 
had  quite  as  much  experience  along  these  lines  as  Mr.  Pearson 
of  Marshall  Field  and  Company. 

B.  J.  Pearson : — It  is  manifest  that  a  comparative  cost  of 
maintenance  must  include,  first,  cleaning  of  glassware  and  fix- 
tures ;  second,  renewals  of  glassware  and  repairs  on  fixtures ; 
third,  renewals  of  lighting  units.  The  first  and  second  costs 
may  be  stated  in  a  more  or  less  general  way,  but  the  third  item 
must  in  each  case  depend  entirely  upon  the  type  of  unit  under  con- 
sideration, that  is,  whether  it  is  upon  tungsten  or  carbon  filament 
units,  Nernst  or  arc  lamps.  For  this  reason  I  am  compelled  to 
omit  facts  on  this  latter  item  of  cost  which  should  be  determined 
and  applied  in  each  individual  case. 

It  is  further  evident  that  the  cost  of  maintenance  per  kilowatt- 
hour  will  be  greater  or  less,  depending  upon  the  monthly  con- 
sumption of  current  per  candle-power  of  units  installed.  It  is 
also  obvious  that  the  cost  of  cleaning  will  be  influenced  by  the 
nature  of  the  business,  the  location  of  the  building;  also  the 
geographical  location,  will  all  have  more  or  less  influence  upon 
the  cost  of  the  cleaning  per  unit  of  current  consumed,  as  illus- 
trated by  the  fact  that  lamps  and  fixtures  in  a  residence  would 
not  have  to  be  cleaned  as  often  as  fixtures  in  a  planing  mill  or 
foundry.  Furthermore,  apparatus  in  use  in  a  small  residence 
city  would  not  accumulate  dust  and  dirt  as  quickly  as  an  installa- 
tion in  a  smoky,  dusty,  manufacturing  locality.  All  of  these 
items  must  have  consideration  in  any  attempt  to  determine  the 
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relative  proportion  and  cost  of  maintenance  of  any  indirect  or 
direct  system  of  illumination. 

The  following  are  a  few  of  the  costs  which  I  have  been  able 
to  get  together  in  the  short  space  of  time  at  my  disposal  : 

Library  Building,  cost  of  cleaning  and  renewals  three  mills 
per  kilowatt-hour.  Residences,  cost  of  cleaning  and  renewals, 
five  mills  per  kilowatt-hour.  Theatres,  cost  of  cleaning  and 
renewals,  three  mills  per  kilowatt-hour.  Churches,  eight  to  fif- 
teen mills  per  kilowatt-hour.  Factories  four  to  six  mills  per 
kilowatt-hour. 

In  the  above  cases  the  library  building  maintenance  is  taken 
care  of  by  the  regular  janitor,  the  churches  by  the  janitor,  the 
residences  by  the  maids,  factories  and  stores  by  the  electrical 
repair  crew,  and  theatres  by  regular  house  employes. 

In  large  merchandizing  establishments,  it  would  appear  to  me, 
as  far  as  I  have  been  able  to  ascertain,  that  the  cost  of  this 
cleaning  carried  on  systematically  by  regular  janitor  service 
could  be  reduced  to  approximately  one  mill  per  kilowatt-hour, 
estimating  the  cost  of  cleaning  on  the  basis  of  labor  at  $1.50  per 
day  per  man,  cleaning  once  each  month.  This  is  purely  a  hy- 
pothetical estimate.  I  have  no  data  which  would  accurately 
confirm  this  figure. 

Take  the  case  of  the  illumination  of  theatres  by  means  of  in- 
direct light  that  is  generally  done  by  means  other  than  the  in- 
verted bowl  or  reflector.  It  has  been  accomplished  heretofore  by 
troughs  around  the  room  or  in  the  arch  ways,  and  an  appli- 
cation of  whitewash  upon  the  reflecting  surface.  But  the  clean- 
ing is  a  factor  that  has  been  entirely  neglected.  I  don't  sup- 
pose some  of  the  cases  I  have  noted  have  been  cleaned  twice 
a  year.  The  cost  of  maintenance  in  such  case  is  undoubtedly 
low,  but  the  result  is  very  poor  efficiency. 

Henry  Gradle,  M.D. : — The  difference  between  indirect  and 
direct  illumination  which  appeals  particularly  to  the  oculist  is 
that  the  former  resembles  daylight  illumination  more  closely. 
As  in  daylight,  the  shadows  are  not  so  pronounced.  The  il- 
lumination is  not  so  intense  in  any  one  small  area,  and  in  general 
is  much  more  uniform.  In  any  direct  system  of  illumination 
we  deal   with   a   small   area  of  great   brilliancy,   if   it   is   at  all 
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efficient.  It  is  known  that  all  organs  work  to  best  advantage 
under  the  conditions  under  which  they  have  been  developed  in 
the  course  of  ages,  and  the  eye  has  been  developed  under  day- 
light illumination.  It  is  scarcely  more  than  a  few  generations 
since  we  have  had  artificial  illumination  of  any  real  intensity. 
We  can,  therefore,  say  in  a  general  way  that  we  would  expect 
the  eye  to  be  least  taxed  under  normal  daylight  conditions.  This 
is  borne  out  by  experience.  I  do  not  know  of  any  accurate  tests 
comparing  the  indirect  with  the  direct  form  of  illumination,  but 
we  all  do  know  that  there  is  a  vast  difference  in  the  tax  upon 
the  eye  on  comparing  natural  illumination  with  the  artificial. 
In  the  case  of  the  normal  eye  not  over-taxed  by  work,  the  differ- 
ence is  not  usually  appreciated  at  the  time,  but  I  must  add  that 
in  a  large  number  of  persons  the  eye  is  not  perfectly  normal. 
Proper  glasses  could  in  many  instances  improve,  but  they  are 
not  always  worn.  A  large  number  of  people  are  unfortunate 
in  having  sensitive  eyes  for  other  reasons,  and  such  patients 
usually  find  that  they  can  work  to  better  advantage  in  daylight 
than  under  ordinary  systems  of  direct  artificial  illumination. 
The  experience  of  the  oculist  has  been  that  the  nearer  we  ap- 
proach the  natural  lighting  the  less  the  tax  upon  the  eye. 

In  comparing  the  direct  with  the  indirect  systems  we  must 
assume  of  course  that  either  is  of  sufiicient  intensity  for  practi- 
cal purposes  in  order  not  to  tax  the  eye  unnecessarily.  There 
are  two  physiological  peculiarities  which  are  not  sufficiently  ap- 
preciated, but  which  bear  upon  this  subject.  The  first  of  these 
is  the  adaptation  of  the  organ  of  sight  to  the  surrounding  il- 
lumination. We  all  know  that  when  we  pass  from  daylight  into 
a  dimly  lighted  space  we  cannot  recognize  details.  If  we  analyze 
this  phenomenon,  we  wall  find  that  the  eye  exposed  to  a  high 
illumination  is  not  so  sensitive  to  small  differences  of  illumina- 
tion as  it  is  after  having  become  adapted  to  darkness.  In  fact, 
the  difference  between  the  eye  adapted  to  daylight  and  the  eye 
adapted  to  a  low  degree  of  illumination  is  enormous.  The  differ- 
ence is  not  expressed  by  a  small  fraction,  but  by  multiples  run- 
ning up  into  the  thousands.  The  eye  accustomed  to  the  brilliant 
illumination  at  mid-day  is  not  adapted  to  and  is  at  a  great  dis- 
advantage for  a  time  upon  entering  a  dark  space.     Pretty  soon, 
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however,  the  eye  accustoms  itself  to  the  surroundings  and  can 
readily   distinguish   objects   that   at   first   were  not   recognizable. 

The  eye  adapted  to  a  low  degree  of  illumination  is  also  at  a 
disadvantage  when  the  general  illumination  is  raised,  as  on  leav- 
ing a  dimly  lighted  space  and  entering  the  open  air.  It  is  not  the 
want  of  sensitiveness  of  the  eye  in  this  case,  but  it  is  the  dazzling 
from  which  it  suffers  under  these  conditions.  It  takes  an  ap- 
preciable length  of  time  for  the  eye  to  adapt  itself  to  the  sur- 
roundings. We  will  find  that  during  the  first  few  moments  the 
adaptation  of  the  eye  to  darkness  increases  at  a  very  rapid  rate, 
then  at  a  slower  rate,  until  from  45  minutes  to  i  hour  the 
full  adaptation  has  taken  place. 

An  illustration  of  working  when  the  eye  is  not  fully  adapted 
is  seen  when  we  try  to  light  up  a  room  during  the  twilight  hours 
with  artificial  illumination  without  pulling  down  the  shades. 
Lamps  which  are  satisfactory  later  on  are  inadequate  while  the 
eye  is  still  under  the  influence  of  waning  daylight.  This  ques- 
tion of  the  adaptation  of  the  eye  to  varying  degrees  of  illumina- 
tion is  the  first  point  to  consider. 

The  second  point  is  the  check  which  the  illumination  of  a 
small  area  of  the  retina  exercises  upon  the  sensibility  of  the  en- 
tire eye.  A  very  striking  way  to  observe  this  is  to  leave  the 
house  when  it  is  difficult  to  recognize  objects  out  of  doors  in  the 
evening  while  carrying  a  lantern.  The  lantern  held  directly  in 
front  is  a  distinct  detriment  to  vision.  The  lantern  casts  appar- 
ently a  physiological,  not  a  physical,  shadow  upon  the  objects 
at  which  we  gaze,  and  it  is  a  distinct  check  upon  the  vision. 

What  is  the  application  of  these  two  principles  in  the  case 
of  indirect  and  direct  illumination?  In  direct  illumination  we 
have  a  concentrated  single  light,  or  multiple  lights  as  the  case 
may  be,  showing  that  within  the  range  of  vision  the  eye  does  not 
ordinarily  remain  fixed  continuously  upon  the  paper  which  we 
may  be  reading  but  wanders  at  times  in  different  directions. 
The  surrounding  objects  are  all  of  a  feeble  degree  of  brightness 
as  compared  with  the  source  of  light.  Hence,  in  this  case  the 
adaptation  of  the  retina  varies  as  the  eye  is  alternately  directed 
at  areas  of  widely  different  brightness,  and  in  consequence  the 
eye  is  not  used  under  the  most  economical  conditions,  physiologi- 
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cally  speaking.  Besides,  there  is  a  distinct  check  put  upon  its. 
analyzing  power  every  time  an  image  of  the  source  of  light  falls 
upon  the  retina.  The  consequence  is  fatigue.  The  more  nearly 
an  indirect  illumination  approaches  the  uniformity  of  daylight 
surroundings  the  less  this  fatigue. 

Geo.  H.  Jones: — I  have  no  figures  on  the  efficiency  of  the  eye 
under  direct  and  diffused  lighting  conditions,  but  I  have  tried 
this  system  in  my  office  and  in  my  home  for  over  a  year,  and 
will  be  glad  to  give  my  experience  with  it. 

During  the  last  year  or  so,  we  have  placed  too  much  em- 
phasis on  the  matter  of  giving  proper  illumination  simply  on 
the  working  plane.  In  such  wo/king  spaces  as  private  rooms, 
offices,  not  used  by  the  general  public,  shops,  etc.,  it  is  proper 
to  install  lighting  units  in  such  a  manner  that  most  of  the  light 
is  directed  to  the  working  plane,  and  so  secure  results  with  a 
minimum  expenditure  of  energy.  In  cases,  however,  where 
rooms  are  to  be  used  by  the  general  public,  and  stores,  homes, 
etc.,  it  is  necessary  for  proper  effects  not  only  sufficiently  to 
illuminate  the  working  plane,  but  in  addition  the  entire  space 
must  be  lighted  sufficiently  to  make  the  room  cheerful  and 
attractive. 

In  talking  over  the  matter  with  merchants  you  find  they  wish 
their  entire  store  lighted.  In  going  from  one  extreme,  how- 
ever, we  should  avoid  going  into  the  other,  and  should  try  ta 
reach  a  happy  medium.  In  my  opinion  a  system  of  indirect 
lighting  when  combined  with  certain  portions  of  well-shaded 
direct  lighting  is  ideal  for  many  classes  of  work,  especially  in 
those  cases  where  the  illumination  is  desired  only  for  use  at 
night.  The  use  of  localized  lighting,  especially  when  the  units 
are  housed  in  ornamental  stand  lamps  or  wall  brackets  with  light- 
colored  art  glass  shades  certainly  gives  pleasing  and  attractive 
results.  In  cases  where  the  indirect  lighting  is  used  in  rooms 
having  dark  colored  walls,  the  light  is  all  thrown  from  the  ceil- 
ing in  a  downward  direction  which  gives  unpleasant  shadows 
under  the  eye.     This  is  counteracted  by  localized  lighting. 

In  one  room  of  my  home  I  am  using  about  one-half  watt  per 
square  foot  (tungsten  lamp)  in  indirect  lighting,  and  also  using 
an   ornamental  table  lamp   with   amber-colored   art  glass   shade. 
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The  walls  of  the  room  are  dark  brown  and  the  ceilings  a  very 
light  brown  to  harmonize.  The  lighting  effect  is  very  pleasing 
and  is  exceedingly  restful  to  the  eye. 

I  find  that  indirect  illumination  in  this  case,  while  ample  at 
night,  is  entirely  inadequate  at  twilight,  so  that  without  the 
stand  lamp,  especially  for  these  hours,  the  room  could  not  be 
used  without  materially  increasing  the  amount  of  direct  illumina- 
tion. If  the  indirect  illumination  were  increased  sufficiently  to 
take  care  of  the  twilight  hours,  it  would  be  altogether  too  strong 
for  the  evening  hours.  This  would  be  undesirable,  as  too  intense 
indirect  illumination   is,  in  my  opinion,  trying  on  the  eyes. 

In  my  office  both  the  walls  and  ceilings  are  painted  a  light 
cream  color.  I  use  about  one  watt  per  square  foot  (tungsten 
lamps)  of  indirect  illumination.  It  gives  a  cheerful  appearance 
to  the  room.  I  found,  however,  that  the  illumination  was  rather 
tiring  on  the  eyes  to  work  by,  so  it  was  necessary  to  add  localized 
lights  in  the  form  of  desk  lamps. 

One  point  that  might  be  brought  up  is  the  effect  of  fresh  paint. 
Of  course,  it  is  expected  that  a  light  colored  paint  will  give 
much  better  effect  than  a  dark  color.  It  is  surprising,  however, 
to  find  that  fresh  paint,  although  about  the  same  color  as  the 
old  paint,  wonderfully  improves  the  illumination. 

One  other  feature  which  seems  to  me  important.  If  you  have 
a  room  properly  lighted  up  with  combination  of  direct  and  indi- 
rect lighting  so  that  the  results  are  satisfactory,  it  is  essential 
that  no  brilliant  lighting  units  be  used  in  adjacent  rooms.  If 
such  units  are  used  the  effect  on  the  eye  in  passing  from  one 
room  to  the  other  is  distressing. 

/.  R.  Cravath: — There  are  many  installations  of  this  kind  in 
Chicago,  probably  the  most  notable  is  at  the  South  Shore  Coun- 
try Club,  where  the  installation  of  tungsten  lamps  on  the  basis 
of  about  one  watt  per  square  foot  has  given  a  result  that  leaves 
nothing  to  be  desired. 

One  point  brought  out  by  both  Dr.  Cradle  and  Mr.  Jones, 
should  be  emphasized,  that  is,  the  necessity  of  providing  more 
light  for  twilight  conditions  than  we  provide  for  hours  when 
full  darkness  prevails.  We  look  at  the  open  space  of  the  win- 
dow, which  is  brightly  lighted,  and  then  down  at  the  paper,  and 
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unless  the  paper  is  illuminated  to  somewhere  near  the  same  de- 
gree it  will  not  be  satisfactory.  I  think  it  would  be  safe  to 
say  that  one  should  provide  nearly  double  the  illumination  where 
there  is  a  mixture  of  daylight  and  artificial  illumination  than  in 
places  where  no  daylight  is  received  whatever. 

In  regard  to  the  desirability,  in  some  cases,  of  combining 
direct  and  indirect  systems.  There  are  many  cases  where  that 
is  desirable.  I  believe,  however,  that  the  direct  light  in  such 
cases  should  be  almost  completely  shaded  either  by  dense  art 
glass  or  something  similar.  In  direct  light  of  this  kind  one 
should  be  careful  to  get  the  light  from  an  angle  so  as  not  to  get 
the  glare  from  it.  The  glare  from  paper  is  one  of  the  hardest 
things  we  have  to  contend  with. 

As  a  general  thing  it  seems  to  me  that  sufficient  indirect  light 
for  working  purposes  in  offices,  etc.,  is  better  than  trying  to 
supplement  the  light  with  the  direct  system,  except  where  very 
high  intensity  is  needed  at  some  particular  point.  In  other 
words,  where  you  have  a  little  direct  light,  supplementing  your 
indirect,  it  must  be  arranged  in  such  a  position  that  you  do  not 
get  the  glare   from  the  paper. 

I  had  a  case  come  up  within  the  past  week  where  indirect 
light  was  being  used  in  conjunction  with  direct  in  an  office,  and 
it  was  brought  to  my  mind  very  forcibly  not  to  have  too  much 
direct  light  supplementing  the  indirect.  Most  of  the  people 
working  under  the  indirect  system  had  no  direct  light.  A  few 
people  in  the  office  had  individual  desk  light.  Some  of  the  peo- 
ple under  the  indirect  lighting  were  dissatisfied,  claiming  that 
the  lighting  was  insufficient  for  their  purposes.  There  was 
really  nothing  to  these  objections.  The  illumination  was  excel- 
lent. The  trouble  was  simply  the  contrast  between  the  intensity 
under  individual  lamps  and  the  intensity  in  other  places.  This 
led  those  not  having  individual  lamps  to  think  they  did  not  have 
sufficient  illumination. 

Regarding  the  maintenance  part  of  the  proposition,  comparing 
the  direct  with  the  indirect  systems.  It  is  not  necessarily  any 
greater  witii  indirect  than  with  direct.  In  fact,  it  may  be  less, 
but  if  I  considered  the  two  systems,  I  would  consider  them  on 
the  basis  of  cleaning  about  the  same  number  of  times  per  year  in 
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each  case.  The  matter  of  cleaning  the  ceihng,  as  Mr.  Pearson 
has  said,  is  a  matter  that  is  taken  care  of  in  large  institutions, 
and  you  would  not  have  to  consider  that  point.  In  direct  light- 
ing the  glassware  has  to  be  cleaned.  One  would  not  necessarily 
have  to  spend  more  time  on  the  indirect  system.  There  is  one 
danger  in  the  indirect  system :  the  glassware  is  out  of  sight  and 
is  apt  to  be  forgotten. 

It  might  be  of  interest  at  this  time  to  give  you  a  little  summary 
of  tests  that  have  been  made  in  the  past  four  years  on  indirect 
lighting. 

The  first  test  is  the  one  that  was  reported  in  Mr.  Preston 
S.  Millar's  paper.^  The  test  was  made  in  a  room  i6  by  ii  ft. 
by  12.5  ft.  high,  with  white  walls  and  ceiling.  No  reflectors 
were  used  under  the  lamps.  The  watts  per  lumen  with  carbon 
filament  lamps  were  4.1,  and  the  equivalent  watts  per  lumen 
with  tungsten  lamps  1.68. 

Another  test  was  made  in  the  library  of  the  Boston  Edison 
Company's  building.  It  is  a  large  room  with  light  walls  and 
ceiling,  with  a  special  curvature  of  the  ceiling  to  get  efficiency. 
The  method  employed  was  the  cove  lighting  system,  and  the 
lamps  used  were  the  O'Brien  tubular.  The  watts  per  lumen 
were  0.95,  and  the  estimated  equivalent  watts  per  lumen  for 
tungstens  about  0.355.     "The  test  was  made  by  Dr.  Louis  Bell.^ 

The  third  test  was  in  the  Auditorium  of  the  New  York  Edison 
Company's  building.  It  is  a  very  large  room,  and  the  cove  light- 
ing system  was  employed.  The  room  had  a  curved  ceiling,  and 
the  cove  was  enameled  white  before  the  test  was  made.  The 
watts  per  lumen  with  carbon  lamps  was  1.25.  The  equivalent 
watts  per  lumen  for  tungsten  lamps  0.525.  The  test  was  made 
by  Messrs.  Sharp  and  Millar  for  the  Association  of  Edison  Il- 
luminating Companies. 

The  fourth  test  was  made  in  the  Harlem.  Office  of  the  New 
York  Edison  Company,  in  a  room  51  by  23  ft.  by  22,  ft.  high. 
The  room  had  white  walls  and  ceiling,  and  the  cove  lighting 
scheme  was  employed.  The  room  also  had  a  curved  ceiling. 
The  watts  secured  per  lumen  with  carbon  lamps  4.  The  equiva- 
lent watts  per  lumen  for  tungstens  1.68. 

1  Transactions  I.  E.  S.,  1907,  p.  583. 
-  Transactions  I.  E.  S.,  1907,  p.  623. 
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Another  test  was  made  by  Professors  Snow  and  Freeman 
of  Armour  Institute  of  Technology,  and  reported  by  myself/  was 
in  a  room  12.66  by  12.75  ft.  by  9  ft.  9  in.  high.  The  ceiling  and 
walls  were  light  in  color.  The  "eye  comfort"  system  was  em- 
ployed.    The   watts   lumen   secured   were   0.35. 

In  still  another  test  of  the  ''eye  comfort"  system  made  by 
Professors  Snow^  and  Freeman,  and  reported  by  myself,^  was  in 
a  room  15  ft.  by  15.16  ft.  by  9  ft.  9  in.  high.  The  ceiling  was  a 
light  cream  and  the  walls  a  dark  green.  Watts  per  lumen  were  0.45. 

In  a  recent  test,  made  by  Mr.  R.  B.  Ely,  of  Philadelphia,  the 
room  was  15  ft.  7  in.  by  20  ft.  9  in.,  and  contained  308 
square  feet.  Space  being  taken  out  of  one  corner.  The  height 
was  9  ft.  9  in.  with  a  light  buff  ceiling  and  light  buff  walls. 
The  watts  secured  per  lumen  were  0.325. 

B.  L.  Biisfis: — I  should  like  to  give  a  few  of  the  figures  I  have 
on  tests  that  I  have  made  on  such  indirect  lighting.  In  the  first 
installation  the  ceiling  was  tinted  a  light  yellow,  the  walls  a  light 
yellow,  floor  light  in  color,  furniture  dark  oak,  with  the  bays 
7  ft.  3  in.  by  13  ft.,  area  of  94  sq.  ft.  The  room  was 
26  ft.  4  in.  with  a  ceiling  9  ft.  11  in.  high,  with  the  light  2  ft. 
6  in.  from  the  ceiling,  using  lOO-watt  bowl  frosted  tungsten 
no  volts,  watts  per  sq.  ft.  1.065,  mean  illumination  1.67,  lumens 
per  watt    1.57,   watts  per   lumen  0.638. 

In  the  second  installation  the  ceiling  was  white,  the  walls  half 
white  and  half  yellow,  the  floor  red,  the  furniture  oak,  the  bays 
16  ft.  2  in.  by  25  ft.,  area  404  sq.  ft.  This  was  a  rather  large 
room  17  ft.  9  in.  ceiling,  using  four  lOO-watt  bowl  frosted 
tungstens,  1 10  volts.  The  watts  per  square  foot  were  0.992,  mean 
illumination  1.94,  lumens  per  watt  1.95.     Watts  per  lumen  0.51. 

In  the  third  installation  the  ceiling  was  light  yellow  with  a 
striped  design  of  silver  paper,  the  walls  upper  half  light  green 
and  the  lower  half  dark  green,  with  a  dark  red  carpet,  the  fur- 
niture was  light  color,  bay  18  ft.  3  in.  by  42  ft.  9  in.,  782  sq, 
ft.,  the  room  was  a  rather  large  one,  and  the  ceiling  was  14  ft. 
high.  Lamp  to  ceiling  3  ft.  6  in.  Two  three-light  100  watt 
bowl  tungsten  fixtures  were  used,  no  volts.  Watts  per  square 
foot  0.767,  mean  illumination  0.95,  lumens  per  watt  1.235,  watts 

1  Transactions  I.  E.  S.,  1909,  p.  290. 

2  Transactions  I.  E.  S.,  1909,  p.  290. 
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per  lumen  0.807.  'I'he  fixtures  were  very  dirty,  and  probably 
had  not  been  cleaned  in  several  weeks.  The  percentage  of  il- 
lumination gained  by  cleaning  was  21. 

In  the  fourth  installation  the  ceiling  was  light  yellow  paper 
with  a  silver  design,  the  upper  half  of  the  walls  were  light  green 
and  the  lower  half  dark  green,  with  a  red  carpet.  The  furni- 
ture was  light  colored.  Bays  18  ft.  by  42  ft.  9  in.,  782  sq. 
ft.  The  room  was  rather  large,  ceiling  14  ft.  high,  lamp  to  ceil- 
ing 3  ft.  6  in.,  employing  two  three-light  bowl  frosted  tungstens, 
no  volts.  The  installation  was  clean.  Watts  per  square  foot 
0.767.  Mean  illumination  1.15,  lumens  per  watt  1.50,  watts  per 
lumen  0.667. 

In  the  fifth  installation  the  ceiling  was  light  blue-green.  The 
walls  medium  green,  the  floor  dark,  the  furniture  oak,  bay  20 
ft.  6  in.  by  90.  Lamps  to  ceiling  16  ft.  10  in.  using  two  3-light 
lOO-watt  tungsten  fixtures,  no  volts.  Watts  per  square  foot 
2.61,  mean  illumination  2.173,  li-imens  per  watt  1.20,  watts  per 
lumen  0.825. 

In  the  sixth  installation  the  ceiling  was  white  the  walls  green, 
the  floor  light,  furniture  dark,  bay  17  ft.  by  19  ft.  5  in.,  sq. 
ft.  332.  Medium  sized  room,  lamps  to  ceiling  18  in.,  using  two 
150  watt  and  two  100  watt  clear  tungstens  in  series,  voltage 
no.  The  watts  per  square  foot  were  1.505,  mean  illumination 
1.99.  Lumens  per  watt  1.325,  watts  per  lumen  0.757,  with  the 
glassware  dirty.  In  the  same  installation  with  the  glassware 
clean  the  mean  illumination  was  3.69.  Lumens  per  watt  2,45, 
watts  per  lumen  0.408. 

In  the  last  installation  the  inverted  arc  system  was  employed. 
The  ceiling  was  a  yellowish  white,  with  light  yellow  walls,  light 
colored  floor,  and  dark  furniture.  The  ceiling  was  14  ft.  high. 
Lamp  to  ceiling  20  in.,  using  one  arc,  no  volts.  Watts  per 
square  foot  3.76  mean  illumination  6.06,  lumens  per  watt  1.61, 
watts  per  lumen  0.621. 

L.  B,  Spinney : — I  fully  agree  that  our  visual  organs  operate 
to  the  best  advantage  and  with  the  most  comfort  when  they  are 
used  under  conditions  which  approximate  as  nearly  as  possible 
those  found  in  nature,  and  I  believe  that  this  should  be  taken 
as  an  indication  that  we  should  study  the  natural  conditions  of 
illumination.     I  must,  however,  disagree  with  Doctor  Gradle,  if 


154      TRANSACTIONS  OF  ILLUMINATING  LNGINEERING  SOCIETY 

I  understood  him  correctly,  in  his  discussion  of  certain  features 
of  the  ilhimination  found  in  nature.  I  wish  to  ask  you  to  con- 
sider the  conditions  on  a  day  when  the  landscape  is  illuminated 
by  a  bright  sunlight.  A  large  amount  of  the  illumination  under 
such  circumstances  comes  directly  from  the  sun,  and  a  smaller 
amount  is  diffused  from  the  sky.  This  will  be  evident  from 
the  fact  that  all  objects  cast  shadows,  and  even  small  objects 
when  they  are  near  the  ground,  which  in  this  case,  is  the  refer- 
ence plane,  have  fairly  well  defined  shadows.  We  have  thus, 
under  these  conditions,  a  large  amount  of  diffused  illumination, 
but  in  conjunction  with  that  is  a  quantity  of  direct  illumination 
sufficient  to  cast  a  fairly  dense  shadow.  It  seems  to  me,  there- 
fore, that  a  study  of  these  natural  conditions  of  illumination 
would  indicate  that  the  proper  kind  of  illumination  is  that  which 
combines  the  direct  with  the  indirect,  having  a  sufficient  amount 
of  direct  illumination  to  cast  shadows,  thereby  showing  bodies 
in  their  proper  proportion,  size,  and  shape. 

Every  one  recognizes  the  great  difference  between  the  illumina- 
tion of  the  landscape  on  a  bright,  sunny  day,  and  on  a  cloudy 
day.  The  illumination  on  a  cloudy  day  is  dull,  uninteresting 
and  even  depressing.  There  is  no  contrast  and  the  appearance 
of  the  landscape  is  what  the  photographer  calls  ''flat."  When 
the  sun  com.es  out  from  behind  the  clouds  the  shadows  appear, 
and  our  interest  in  the  landscape  at  once  increases.  This  effect 
should  be  taken  into  careful  consideration  in  designing  a  system 
of  artificial  illumination  for  an  interior.  It  is  desirable  that  the 
room  be  cheerful,  and  interesting  in  its  illumination,  and  any 
system  which  does  away  in  a  large  measure  with  shadows,  is 
one  which  is  not  designed  to  secure  these  effects. 

Every  one  recognizes  the  cheerlessness  of  an  illumination  which 
is  absolutely  uniform.  A  room  flooded  with  light,  which  gives 
uniform  illumination,  appeals  to  one  as  cold  and  comfortless. 
I  feel,  therefore,  that  judged  from  the  standpoint  of  our  present 
knowledge,  that  illumination  would  be  most  successful  which 
combines  the  direct  and  indirect  systems.  Of  course  a  system 
of  this  kind  would  necessitate  the  adjustment  of  the  direct  il- 
lumination so  as  to  do  away,  as  far  as  possible,  with  sources 
of  high  intrinsic  brilliancy,  thereby  overcoming  one  of  the  most 
serious  objections  to  that  kind  of  illumination. 
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A  paper  presented  at  a  meeting  of  the  New 
York  Section  0/ the  Illuminating  Engineering 
Society,  New  York,  January  ij,  igio. 


SELLING  ELECTRIC  LIGHT. 


BY    T.    I.    JONES. 


It  is  the  purpose  of  this  paper  to  present  in  a  general  way 
some  facts  with  regard  to  the  sale  of  electricity  for  illuminating 
purposes ;  to  outline  some  of  the  conditions  which  must  be  met 
in  such  service ;  to  discuss  various  forms  of  contracts  under 
which  current  for  light  is  sold ;  and  finally  to  consider  the  mat- 
ter of  sales   department  organization. 

The  Commodity. — In  discussing  the  selling  of  electric  light, 
there  must  of  necessity  be  included  the  consideration  of  the 
sale  of  current  for  other  than  strictly  lighting  purposes — such 
as  heat  and  power — and  in  the  general  discussion  of  the  forms 
of  contracts  used  and  the  analysis  of  the  organization  plans, 
this  fact  must  be  borne  in  mind. 

In  selling  electric  light,  the  investment  in  the  plant  is  the  most 
important  item ;  that  is,  the  amount  of  money  the  company  must 
expend  in  order  to  be  in  constant  readiness  to  serve  customers 
up  to  their  full  capacity.  The  equipment  which  the  company 
must  install  not  only  in  generating  power,  but  in  mains,  exten- 
sions, services,  material  and  labor,  to  be  ever  ready  to  serve 
all  its  customers  if  necessary  at  any  one  time  to  their  maximum 
load — what  we  call  the  readiness  to  serve  expense — this  is  the 
condition  imposed  on  every  electric  light  company  to  which  I 
would  call  attention. 

Suppose  for  example  that  the  proprietor  of  a  dance  hall  con- 
tracts with  the  sales  department  of  an  electric  light  company 
for  services  to  his  hall,  which  he  may  use  intermittently  two  or 
three  times  a  week  for  five  or  six  hours  at  a  time.  To  supply 
this  man  the  company  must  place  at  once  an  equipment,  not  only 
in  its  generating  stations,  but  in  its  mains  running  to  the  sub- 
station feeding  this  locality  and  in  distributors  from  the  sub- 
station, a  capacity  sufficient  for  the  complete  current  require- 
ments of  the  hall.  While  this  equipment  could  be  used  twenty- 
four  hours  per  day  seven  days  in  the  week,  it  actually  is  used 
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only  a  small  part  of  such  a  period.  It  is  the  ''idle  use"  of  such  an 
equipment,  (if  I  may  use  such  a  term),  which  must  be  con- 
sidered in  determining  the  rate  of  the  party  served. 

Take  another  case,  a  tenant  in  a  residence  or  an  apartment 
signs  a  contract  for  electric  lighting  service.  .He  contracts  for 
an  equipment,  say  of  twenty  or  thirty  lamps.  He  uses  three  or 
four  lamps  at  the  most  for  an  average  of  three  or  four  hours 
per  night.  The  house  may  be  closed  three  or  four  months  in 
the  year,  yet  the  lighting  company  is  asked  to  install  an  equip- 
ment sufficient  to  light  the  complete  installation  with  all  the 
lamps  burning. 

It  will  be  seen  at  once  from  these  two  examples  that  the  period 
of  use  of  the  consumer's  equipment — or  what  is  called  the 
load-factor — is  really  the  governing  point  to  the  central  station. 

Fig.  I  illustrates  the  output  of  a  central  station — as  a  matter 
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of  fact  this  is  a  real  curve  showing  the  output  of  two  generating 
stations  of  one  large  plant.  It  will  be  seen  from  these  curves 
that  between  the  hours  of  5  and  8  p.  m.  the  plant  reaches  its 
maximum  capacity,  while  outside  of  these  hours  the  load  very 
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materially  decreases.  Though  additional  generating  machines 
are  used  to  take  care  of  the  increased  demand  on  the  system,  all 
the  generating  machinery  required  for  this  peak  load — all  of 
the  mains  and  subsidiaries  necessary  to  supply  the  customers 
at  any  time  if  necessary — ^must  be  maintained  throughout  the 
entire  24-hour  period.  In  short,  the  company's  mains  must  have 
sufficient  reserve  force,  if  called  upon,  to  supply  the  entire  equip- 
ment for  an  indefinite  period,  even  though  as  a  matter  of  fact 
the  entire  equipment  be  actually  in  service  less  than  4  hours 
during  the  day. 

The  special  point  which  Fig.  i  brings  out  is  that  the  whole 
of  a  large  generating  station  is  required  between  certain  hours 
during  a  few  months  of  the  year  to  carrry  this  peak ;  that  the  rest 
of  the  24  hours  of  the  day  during  the  year  this  plant  remains 
idle  with  no  return  on  the  investment  charges ;  that  this  invest- 
ment is  necessarily  paid  for  by  the  customer ;  and  that  the  fairest 
way  and  most  logical  way  to  cover  it  is  by  charging  the  cus- 
tomer an  amount  proportional  to  his  installation  together  with  a 
fair  rate  for  the  amount  of  current  used. 

These  facts  are  mentioned  early  in  the  paper  so  as  to  enable 
you  to  appreciate  what  I  shall  have  to  say  later  in  discussing 
rates.  Then  you  will  appreciate  what  is  meant  by  the  state- 
ment that  a  man  who  consistently  uses  his  service  7  or  8  hours 
during  the  24  should  properly  pay  less  per  unit  for  such  service 
than  he  who  simply  uses  current  i  or  2  hours — and  that  possibly 
on  the  peak. 

It  must  appear  to  you  at  once  that  if  the  company  could  adopt 
any  policy  or  so  adjust  its  rates  that  this  peak  would  be  level, 
and  a  uniform  output  could  be  maintained  throughout  the  night, 
so  that  all  the  machinery  could  be  kept  working  steadily  and  not 
concentrated  during  any  one  period,  then  the  cost  of  producing 
the  current  would  necessarily  be  lowered  and  the  rate  to  the 
consumer  correspondingly  reduced. 

Fig.  2  shows  graphically  the  relation  of  the  cost  per  kilowatt- 
hour  to  the  load  or  kilowatt-hour  output  of  a  generating  station. 
This  curve  is  plotted  hourly  and  shows  the  reduction  in  cost 
produced  by  a  distribution  of  the  load.  If  it  were  possible  to 
•carry  continuously  the  load  that  is  shown  from  5  p.  m.  till  9.30 
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p.  m.,  during  the  rest  of  the  24  hours,  the  reduction  in  cost  to 
the  customer  would  be  considerable.  Under  a  load-factor  rate 
based  on  a  readiness-to-serve  charge,  this  is  actually  what  is  done. 
The  individual  amount  of  current  used  by  the  long-hour  customer 
raises   the    load    curve   during   the    low-hours    and    consequently 
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Fig.  2. 

lowers  the  cost  curve  during  those  same  hours.  The  customer 
should  receive  and  does  receive,  under  this  form  of  contract, 
the  benefit  which  the  company  receives  fromi  his  long  hour  use. 

Equipment  Expense. — So  much  for  the  question  of  load  factor. 
Another  item  having  a  direct  bearing  on  the  cost  of  supplying 
current,  particularly  to  the  small  user,  is  the  equipment  expense 
which  the  company  must  incur  in  its  readiness  to  serve  all  installa- 
tions at  the  full  capacity  at  any  one  time,  namely :  meters, 
switches,  lamps,  etc. 

Take  the  case  of  the  small  apartment  where  with  the  advent 
of  the  high  efficiency  lamp  and  the  reduced  rate  for  electric 
service,  the  increased  demand  has  been  remarkable.  Say  there 
is  an  apartment  where  the  installation  is  from  ten  to  fifteen  lamps, 
often  not  more  than  five  or  six.  Such  an  installation  would 
require  the  installment  of  a  meter  costing  from  $10.00  to  $15.00, 
to  say  nothing  of  lamps,  switches,  service,  etc.  Now  assume  the 
use  of  that  equipment  is  less  than  i  hour  per  day  throughout  the 
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month.  The  revenue  from  such  an  apartment  at  12  cents  per 
kilowatt-hour  would  be  less  than  $1.00  per  month.  It  does  not 
require  a  mathematician  to  appreciate  the  length  of  time  this 
apartment  must  use  current  on  this  investment  before  the  light- 
ing company  receives  any  kind  of  a  return  on  its  equipment 
expense  to  say  nothing  of  profit. 

The  equity  of  a  minimum  charge  for  such  class  of  service, 
therefore,  becomes  immediately  apparent.  It  is  precisely  analo- 
gous to  the  telephone  contract  with  a  minimum  of  600  messages 
per  year.  The  charge  is  for  600  messages  whether  one  or  600 
is  used,  and  all  additional  messages  are  charged  for  at  a  reduced 
rate.  The  price  per  message  of  the  first  600  calls  does  not  mean 
that  each  message  costs  so  much  for  the  operating  expense  alone, 
but  that  the  telephone  user  is  paying  a  certain  amount  to  the 
telephone  company  for  the  investment  in  its  instrument  and  wire ; 
and  this  investment  is  represented  together  with  a  small  charge 
for  th,e  message,  in  the  iminimum  rate  charged. 

Having  in  mind  both  the  load  factor  and  the  equipment  cost 
for  large  and  small  users  respectively,  I  present  for  your  con- 
sideration the  equity  of  a  rate  made  up  of  two  parts,  one  a 
standby  charge  or  payment  to  the  lighting  company  for  the  in- 
vestment it  must  make  to  supply  the  equipment  necessary  for  the 
consumer's  demand ;  and,  second,  a  current  charge  for  the  actual 
amount  of  electricity  used  by  the  consumer  for  the  equipment 
installed.  I  would  ask  you  to  keep  the  necessity  of  these  two 
charges  in  mind  while  considering  the  various  classes  of  rate 
which  will  be  taken  up  as  existing  at  the  present  time. 

There  is  a  regular  maximum  demand  type  of  contract  in  which 
the  readiness-to-serve  or  standby  charge  is  arrived  at  in  two 
ways,  partly  by  specifying  a  certain  rate  per  killowatt-hour  for  a 
certain  number  of  hours  monthly  use  of  the  maximum  demand, 
and  partly  by  a  sliding  discount  on  that  part  of  the  bill  figured 
at  the  lowest  kilowatt-hour  charge.  As  one  means  of  determin- 
ing the  maximum  demand  certain  percentage  figures  are  used 
for  installations  of  various  sizes  for  establishing  this  demand. 
These  percentage  figures  are  obtained  by  averaging  the  results 
obtained  from  many  thousands  of  customers  and  in  practice 
work  out  so  closely  as  to  be  satisfactory.  Another  means  of  de- 
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terminiiig  the  maximum  demand  is  through  the  use  of  demand 
recording'  meters  or  indicators. 

Special  Forms  of  Contracts. — What  has  been  said  up  to  this 
time  relates  to  the  regular  service  of  small  and  large  consumers 
in  the  general  run  of  interior  illumination  for  premises  wired. 
In  the  procurement  of  this  business — with  all  justice  to  our- 
selves— we  must  acknowledge  that  we  cannot  help  but  get  a  large 
part  of  it ;  for  the  average  up-to-date  merchant  in  opening  a 
new  store  opens  it  with  the  idea  fixed  in  his  mind  that  he  will 
light  is  electrically  and  it  is  wired  accordingly.  Occasionally  he 
goes  to  the  electric  lighting  company  without  any  soliciting  on 
its  part.  Often  this  is  the  case  with  the  up-to-date  residence  or 
apartment.  A  great  amount  of  this  business  comes  without 
solicitation  by  the  lighting  company  and  does  not  require  serious 
consideration   in   sales   department   methods   in    this    paper. 

There  are,  however,  two  particular  types  of  customer  which 
must  be  solicited  actively.  One  is  the  customer  who  wants  to 
use  a  great  amount  of  light  and  power,  and  who  is  considering 
the  installation  of  a  plant;  the  other  is  the  small  user  who  can 
be  supplied  from  the  company's  system  but  hesitates  to  go  to  a 
wiring  expense  for  such  service. 

The  first  class  is  taken  care  of  by  a  properly  organized  power 
branch  of  the  sales  department.  The  second  class  requires  a 
means  of  approaching  the  customer  with  a  plan  for  installment 
wiring  and  active  soliciting  on  the  part  of  the  agent  concerned. 
I  have  in  mind  particularly  the  small  store,  say  a  barber  shop, 
lighted  by  oil  or  gas.  It  is  not  wired.  For  this  class  of  cus- 
tomer, we  have  in  Brooklyn  a  special  company  run  as  a  branch 
of  the  sales  department.  This  company  is  known  as  the  ''Tung- 
sten Lamp  Specialty  Company."  It  secures  its  business  through 
a  contract  that  permits  the  customer  to  pay  for  his  wiring  and 
lamps  in  monthly  installments.  This  contract  has  worked  out 
very  satisfactorily  in  Brooklyn.  In  the  twenty  months  the  com- 
pany has  been  operating,  contracts  have  been  closed  with  nearly 
2,000  customers  (formerly  using  by  gas  and  oil)  with  a  total  of 
20,400   50-watt  equivalents. 

Another  class  of  customer  is  the  advertiser  who  desires  to  use 
a  certain  amount  of  current  for  sign  or  display  work,  but  niust 
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know  each  month  how  much  to  allow  for  such  display.  For 
such  purposes  we  have  drawn  up  an  advertising  contract.  This 
is  merely  a  flat  rate  contract  charging  so  much  per  month,  the 
company  turning  the  sign  on  at  dusk  and  off  at  midnight. 

City  Lighting. — What  has  been  said  before  relates  principally 
to  commercial  lighting.  Contracts  with  the  city  for  street  illum- 
ination are  generally  made  under  specifications  drawn  up  by  the 
chief  engineer  of  light  and  power  of  the  municipality,  the  types 
of  lamps  being  specified  in  vv^attage  consumption  and  the  hours 
indicated  according  to  a  prearranged  chart  determined  from 
almanac. 

Sales  Department  Organization. — In  many  cities  the  gas  and 
electric  interests  are  consolidated.  As  a  consideration  of  such  a 
combination  would  involve  much  explanation,  I  will  eliminate  that 
type  of  company  and  confine  my  statement  to  the  sales  depart- 
ment organization  of  companies  devoted  to  the  sale  of  electricity 
exclusively. 

The  general  form  of  organization  at  present  in  service  by  the 
sales  department  of  the  Brooklyn  Edison  Company  is  that  shown 
in   Fig.   3.     Under   this    form   of   organization   the   territory   is 
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divided  into  districts  which  come  under  the  direct  charge  of  the 
district  manager  who  reports  to  the  general  sales  agent.  Under 
each  district  manager  are  three  classes  of  agents ;  one  class  de- 
voting special  attention  to  lighting,  a  second  to  power,  and  the 
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third  to  substitute  electric  for  non-electric  illuminants.  The 
latter  class  of  agent  is  included  in  the  word  ''wiring"  on  Fig. 
3.  A  clerk  and  a  messenger  are  also  provided  to  handle  the 
clerical  end  of  the  district  work.  All  contracts  for  business  origi- 
nating in  the  districts  are  forwarded  to  the  chief  clerk  of  the  sales 
department  at  the  main  office.  There  the  necessary  orders  are 
made  out,  contracts  checked,  and  the  action  of  the  department  as- 
a  whole  kept  in  such  shape  as  to  be  readily  overseen  by  the 
general  sales  agent. 

At  the  main  office  there  is  also  maintained  a  staff  of  specialists.. 
For  handling  the  large  contracts  in  power  a  power  engineer  with 
assistants  is  available.  He  also  acts  in  an  advisory  capacity  to 
the  power   agents   under  the   district   managers. 

An  appliance  manager  is  in  charge  of  a  department  covering- 
all  electrical  household  appliances  including  heating  apparatus^ 
decorative  lighting,  portable  lamps,  etc.  A  large  showroom  is 
maintained  at  the  general  office,  and  ample  displays  are  also 
shown  at  the  branches. 

All  company  advertising  is  handled  by  an  advertising  manager 
and  his  staff  under  the  direct  supervision  of  the  general  sales 
agent. 

Special  agents  covering  advertising  and  large  sign  lighting, 
government  work,  city  lighting,  and  the  following-up  of  new 
buildings,  and  the  keeping  in  touch  with  architects,  are  alsa 
provided,  coming  directly  under  the  general  sales  agent. 

This  form  of  organization  is  flexible,  allowing  any  special 
installation  to  be  readily  handled  without  interferring  with  the 
regular  routine,  and  can  be  indefinitely  enlarged  without  requir- 
ing any  change  other  than  the  establishment  of  more  branches. 

Work  Reports. — The  connection  between  an  agent's  work  and 
the  departments  effected  by  his  canvass  is  in  a  form  known  as  the 
"Agents'  Inspection  Report."  This  report  is  made  daily  by  each 
agent  and  forms  the  basis  of  the  work  order  which  goes  direct  ta 
the  construction  departments  concerned.  This  places  the  re- 
sponsibility of  all  work  directly  upon  the  agent  who  takes  a. 
given  contract  and  holds  the  agent  responsible  for  all  the  details 
necessary  for  the  complete  and  satisfactory  execution  of  the 
order. 
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As  aids  to  the  agent  and  in  order  properly  to  classify  all  re- 
-quests  for  agents  to  call  and  inquiries  regarding  cost  of  lighting, 
power,  and  etc.,  lead  memorandum  sheets  are  used  in  connec- 
tion with  an  agents  book.  These  sheets  are  made  out  in  duplicate 
at  the  main  office  of  the  sales  department  and  are  forwarded  to 
the  district  manager  or  special  agent  concerned.  The  leads  re- 
quire a  report  from  the  agent  as  to  the  disposition  of  the  inquiry. 

The  Red  Book. — As  a  further  aid  in  order  to  instill  a  spirit  of 
co-operation  between  all  departments  of  the  company,  what  we 
know  as  "The  Little  Red  Book,"  is  distributed  generally  to  all 
employees  of  the  company.  This  red  book  is  simply  a  medium 
for  each  employee  of  the  company  to  call  the  attention  of  the 
sales  department  to  any  possible  opportunities  for  new  business, 
or  to  bring  to  the  attention  of  other  departments  complaints  of 
defective  service  or  matters  in  which  the  general  welfare  of  the 
co)mpany  is  concerned.  The  red  book  memoranda  are  recorded 
and  made  the  basis  of  a  lead  sheet  to  the  agents.  At  the  end 
■of  each  year  the  red  book  leads  are  carefully  totalized  and  a 
suitable  recognition  made  to  the  employee  of  the  company  turn- 
ing in  the  greatest  number  of  satisfactory  sheets.  In  this  way 
the  entire  force  of  the  company  is  made  really  a  part  of  the 
sales  department  and  a  spirit  of  general  co-operation,  for  the 
<:ompany's  welfare  instilled  in  all. 

Special  Advertising. — In  order  to  create  interest  by  the  public 
in  general  and  among  our  existing  customers  and  new  customers, 
our  advertising  department  continually  sends  out  literature  of 
various  forms — street  car  advertising,  newspaper  advertising, 
theatre-program  advertising,  leaflets  in  the  mail,  etc. — all  of 
which  are  used  as  means  of  directing  interest  in  the  commodity 
we  have  to  sell. 

Occasionally  special  pamphlets  to  reach  a  given  class  of  cus- 
tomer are  sent  out.     Such  as  Yiddish  and  Chinese  circulars. 

Personnel  of  the  Force. — I  have  been  asked  many  times  the 
requirements  of  an  electric  light  and  power  salesman.  This  is 
a  matter  always  entirely  of  personal  equation.  The  better  edu- 
cated a  man  may  be,  as  a  general  rule,  the  better  fitted  he  is  to 
go  to  the  better  class  of  customer;  but  it  is  my  earnest  beHef 
that  salesmen  are  born,  and  not  made,  and  that  every  success- 
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ful  salesman  is  successful  because  he  has  had  the  spark  of  sale- 
manship  developed,  but  the  spark  is  there  nevertheless.  No 
amount  of  training  could  bring  out  in  a  man  the  ability  to  sell 
if  the  nucleus  of  that  ability  were  not  in  his  makeup.  In  the 
power  solicitor,  of  course,  technical  knowledge  is  essential;  but 
the  best  engineer  in  the  world  might  be  an  absolute  failure 
as  a  solicitor  if  commercial  ability  did  not  exist  within  him. 

If  it  were  possible  to  obtain  well-educated  young  men 
trained  in  the  electrical  and  mechanical  engineering  departments 
of  our  best  technical  schools,  who  possess  that  selling  ability 
which  results  in  the  closing  of  contracts,  that  type  of  man  would 
be  what  we  all  desire.  Approaching  our  ideal  we  seek  that 
type  of  man,  necessarily  of  good  address  and  of  good  education, 
who  has  within  him  exceptional  selling  ability  tO'  a  material 
degree. 

It  is  realized  that  with  the  space  of  time  given  to  discuss  the 
subject  before  you  only  generalities  can  be  touched  upon.  The 
subject  of  selling  electricity  either  for  light  or  power  is  so  in- 
tensely interesting  that  one  might  devote  a  series  of  lectures 
to  it  without  exhausting  the  topic.  If,  however,  the  points 
brought  out  in  this  talk  have  interested  you  for  one  hour  and  a 
half,  and  if  they  will  be  the  means  of  causing  you  to  think  along 
the  lines  indicated,  the  object  in  writing  the  paper  has  been  ac- 
complished. 
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DISCUSSION. 

/.  D.  Israel: — Reference  has  been  made  to  salesmanship. 
Now  salesmanship  has  been  well  defined  as  the  selling  of  goods 
at  a  profit  with  satisfaction  to  the  customer.  The  lighting  sales- 
man must  satisfy  the  consumer  and  must  present  his  proposition 
to  the  customer  in  such  form  that  he  will  be  convinced  that 
he  is  being  served  on  an  equitable  basis. 

The  president  of  the  Illuminating  Engineering  Society,  at 
a  recent  meeting,  stated  that  the  object  of  the  Society  is  to 
get  the  science  and  art  of  illumination  working  together;  the 
application  of  the  scientific  principles  working  harmoniously 
with  the  practical  problems   of  the   commercial  man. 

In  Philadelphia  the  schedules  of  discounts  and  rates  are  based 
upon  the  average  hours  use  per  unit  per  day.  The  consumer 
who  has  a  large  motor  installation  with  the  same  average 
hours  use  as  a  small  installation,  is  entitled  to  a  greater  dis- 
count because  of  the  quantity  factor.  The  large  installations 
paying  greater  amounts  of  money  usually  carry  the  use  beyond 
the   peak. 

There  is  a  minimum  charge  to  cover  certain  expenses  inci- 
dental to  readiness  to  serve  and  maintenance  costs.  When  it 
is  necessary  to  make  a  long  extension  beyond  the  regular  lines 
of  the  mains,  we  give  the  prospective  customer  service  on  a  basis 
of  a  certain  charge  for  such  extension  together  with  a  guaran- 
teed minimum  to  the  company  in  order  to  compensate  the  com- 
pany in  an  equitable  manner  for  such  special  expense  and  main- 
tenance as  will  be  required  to  serve  the  consumer. 

The  Philadelphia  Electric  Company  has  been  conducting  for 
a  number  of  years  a  show  room  which  is  believed  to  be  the  equal 
of  any  in  the  country  as  to  general  appearance  and  location.  This 
show  room  is  in  the  central  business  section  of  the  city.  There  are 
other  show  rooms  at  a  number  of  the  Company's  district  offices. 
The  district  manager  is  the  company's  representative  in  each  dis- 
trict, and  he  possesses  a  certain  combination  of  engineering 
and  commercial  knowledge  and  training.  The  solicitors  of  each 
district  are  under  the  direction  of  the  district  manager  and  are 
assigned  to  allotted  territory  within  that  district  as  designated 
by  the  district  manager. 
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R.  S.  Hale: — In  Boston  use  is  made  of  rather  complicated 
forms  of  rates,  and  the  reason  they  are  compHcated  is  that 
they  include  practically  every  condition  that  may  arise.  In  the 
last  five  years  no  special  contracts  whatsoever  have  been  made 
outside  of  the  printed  forms.  That  fact  makes  it  very  satis- 
factory in  dealing  with  customers,  because  the  customer  can 
be  told  that  he  obtains  exactly  the  same  treatment  as  every  one 
else.  There  are  of  course,  some  old  contracts,  made  from  five 
to  ten  years  ago,  which  are  still  in  existence,  but  no  new  ones 
are  made  except  those  on  printed  forms,  and  that  is  a  very 
great  advantage  in  dealing  with  customers,  and  satisfies  them 
that  they  are  really  getting  the  best  rate. 

^Moreover  the  contract  forms  have  been  much  simplified  be- 
cause probably  95  per  cent  of  the  customers  like  a  very  simple 
form  of  contract,  in  which  they  merely  apply  for  service  at 
standard  rates  as  they  shall  exist  from  time  to  time.  If  the 
rate  is  reduced  the  customer  gets  advantage  of  the  reduction 
without  signing  any  new  contract.  On  the  whole  the  plan  works 
very  satisfactorily  indeed.  The  customer  himself  signs  the  sim- 
plified form  of  agreement,  leaving  to  the  salesman  whether  he 
shall  have  the  long  term  or  the  short  term  rate,  and,  on  the  whole, 
the  salesman  gets  the  confidence  of  the  customer  in  a  way  that 
is  probably  not  possible  in  the  blanket   forms  of  contract. 

About  five  years  ago  the  Boston  Edison  Company  had  five  or 
six  district  offices  that  covered  perhaps  500  square  miles.  Main- 
taining these  offices  meant  rent,  managers,  etc.,  and  they  were 
closed  up  as  quickly  as  possible.  Now  the  salesmen  visit  lhese 
different  districts  and  canvass,  merely  having  desk  room  and 
telephone.  They  telephone  in  their  orders  for  the  day  and  call 
up  again  in  the  afternoon ;  they  have  no  office  where  people  come 
but  they  go  to  the  customer  and  get  the  business. 

Most  of  the  territory  served  by  the  Boston  company  has  been 
acquired  by  consolidations  with  different  companies,  and  of 
course,  the  managers  of  the  older  companies  were  retained, 
usually  as  salesmen  as  well  as  managers.  In  almost  every  case 
the  man  was  rather  a  failure  in  his  district  because  he  knew  the 
people  so  well  that  he  could  not  sell  electric  light  very  well.  I 
think  that  a  salesman  who  knows  his  customers  intimately  is  not 
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a  successful  salesman.  These  same  managers  when  transferred 
to  some  other  districts  became  successful.  Where  a  man  was 
not  known — ^where  he  had  to  make  the  acquaintance  of  the  peo- 
ple— he  secured  the  business,  and  I  think  the  science  of  that  is 
change.  The  keynote  of  salesmanship  is  change.  It  is  neces- 
sary to  effect  changes,  first  the  district  offices  and  then  the 
salesmen.  It  is  like  newspaper  advertising — keep  constantly 
changing  is  the  keynote  of  new  business. 

C.  A.  Littlefield : — The  paper  is  advantageous  in  that  it  em- 
phasizes the  relationship  existing  between  the  commercial  il- 
luminating engineers,  if  such  a  termi  can  be  used.  Too  often  the 
importance  of  the  one  over  the  other  is  emphasized,  and  in  the 
desire  of  engineers  to  secure  a  certain  illumination  value  or 
artistic  effect,  economy  of  service  is  lost  sight  of  with  the  re- 
sult that  the  lighting  bills  become  high  or  exorbitant ;  the  cus- 
tomer is  dissatisfied,  and  the  object  of  the  engineer  who  laid  out 
the  equipment  is  either  lost  entirely  or  rendered  ineffective 
through  the  customer  discontinuing  the  service  or  materially 
reducing  the  installation.  Often  it  is  necessary  to  correct  in- 
stallations, laid  out  unwisely,  not  from  an  illumination,  but  from 
a  commercial  standpoint.  The  equipment  may  have  been  ar- 
tistically laid  out  and  beautiful  effects  produced,  but  the  all-im- 
portant question  as  to  the  amount  of  the  lighting  bills  stands 
out  glaringly  and  the  final  result  is  that  all  the  studied  effects 
are  lost  because  of  the  reduction  either  in  the  size  or  number 
•of  units  that  must  be  accomplished  to  reduce  the  installation. 
Those  bills  are  hardest  to  check  which  pay  for  something  in- 
tangible, and  there  is  nothing  more  intangible  than  illumination. 
The  average  householder  is  not  sufficiently  educated  or  willing  tO' 
separate  himself  from  his  ''filthy  lucre"  to  pay  for  those  in- 
tangible but  artistic  effects.  Consider  the  case  of  a  kitchen. 
When  the  installation  in  this  part  of  a  building  is  larger  than 
•conditions  required  large  bills  will  certainly  result.  The  peo- 
ple employed  for  work  in  the  kitchen  care  very  little  as  to  the 
size  of  the  bills.  No  care  will  be  exercised  to  discontinue  the 
use  of  a  lamp  in  one  part  of  the  room  when  the  work  at  that 
point  ceases,  and  lighting  another  at  some  other  point  when 
working  there,   the   result  being  that   practically   the   entire   in- 
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stallation  will  be  in  use  all  the  time,  whether  required  or  not, 
and  high  bills  will  be  the  outcome.  The  food  will  be  cooked 
and  seasoned  just  as  well,  the  dishes  washed  thoroughly  or 
slovenly,  depending  upon  the  personal  efficacy  of  the  one  doing 
the  work,  whether  the  kitchen  has  been  equipped  to  give  a 
definite  illumination  generally  or  at  any  specified  point.  The 
result  of  those  high  bills  will  be  a  complaint  to  the  lighting 
company,  and  when  an  investigation  is  made  by  the  company 
and  the  servants  asked  as  to  the  use  of  the  kitchen  equipment, 
excessive  burning  will,  of  course,  be  denied.  Then,  possibly 
economies  in  other  parts  of  the  house  will  be  tried  the  result 
being  some  poor  lighting  conditions,  where  the  equipments  will 
least  permit  a  change,  unless  all  thought  of  artistic  design  is 
abandoned.  If,  however,  an  excessive  equipment  had  not  been 
provided  at  a  point  where  no  control  was  exercised,  the  bills 
would  have  been  normal,  the  customer  satisfied  and  no  change 
made  in  the  artistic  design,  where  in  reality  no  unusual  amount 
of  Hght  was  used. 

The  minimum  form  of  charge  does  not  appeal  to  me  and  noth- 
ing in  the  way  of  rates  has  been  found  more  repugnant  to  the 
public  at  large.  Theoretically  there  are  excellent  reasons  for 
the  justice  of  such  a  charge,  but  whether  it  is  called  a  ''readi- 
ness-to-serve," a  "stand-by,"  a  ''minimum"  charge  or  what  not, 
it  is  in  reality  the  one  and  the  same,  and  it  is  just  where  theory 
and  practice  are  at  variance.  Gild  it  as  you  wish  with  descriptive 
phrasing,  the  customer  when  receiving  such  a  bill  is  convmced 
that  he  is  paying  for  something  he  has  not  received,  and  thereby 
becomes  thoroughly  dissatisfied.  Electricity  is  a  commodity  to 
be  sold  the  same  as  any  other  article  of  commerce,  and  just  as  we 
make  it  popular  and  easily  purchased,  do  we  increase  the  de- 
mand for  that  commodity.  Suppose,  for  instance,  that  to  cover 
his  loss  from  breakage,  decay,  etc.,  and  to  be  always  in  "readi- 
ness-to-serve" fresh  eggs,  a  grocer  would  refuse  to  sell  less  than 
a  dozen  eggs,  or  a  smaller  number  at  less  than  the  dozen  price, 
how  long  do  you  think  he  would  remain  in  business?  Do  you 
think  that  the  average  housewife  would  continue  to  deal  with  him 
when  she  learns  that  the  grocer  is  compelling  her  to  pay  his 
losses  when  she  is  purchasing  in  small  quantities?     The  law  of 
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averages  will  enable  that  grocer  to  sell  one  egg,  if  necessary,  on 
the  basis  of  the  dozen  price  at  a  profit,  and  a  lighting  company 
can  do  the  same.  Just  in  proportion  as  it  is  made  easy  for  the 
public  to  do  business  with  the  lighting  company  is  the  number 
of  satisfied  customers  increased  and  a  large  number  of  customers 
who  are  friendly  disposed  toward  the  company  is  its  most 
valuable  asset. 

H.  W.  Moses : — The  territory  of  the  company  with  which  I 
am  concerned  covers  35  cities  and  towns  outside  of  Boston. 
Some  time  ago  an  illuminating  engineering  division  was  started 
within  the  company  and  the  services  of  Dr.  Louis  Bell,  as  con- 
sulting engineer  were  obtained.  Under  him  were  two  or  tliree 
assistants.  Circular  letters  were  sent  to  all  the  customers 
stating  that  the  division  was  at  their  disposal.  The  success 
has  been  great.  Suggestions  have  been  made  to  more 
than  1,200  customers  and  more  than  150,000  tungsten  lamps 
have  been  added.  Many  customers  have  become  interested  in 
illuminating  engineering  work,  notably  the  School  House  Com- 
mission of  Boston,  in  obtaining  the  best  results  in  school-room 
lighting. 

A  new  line  of  development,  that  of  increasing  the  income 
from  existing  customers,  is  just  being  started.  Doubtless  there 
will  be  a  drop,  temporarily,  in  the  number  of  new  customers 
obtained ;  but,  by  pushing  the  business  among  existing  customers, 
the  result  will  a  greater  income  at  a  minimum  of  investment. 
It  will  take  a  tremendous  amount  of  advertising  and  hard  work, 
but  the  company  is  well  equipped  to  carry  along  this  work. 
The  solicitors  will  make  a  house-to-house  canvass  of  every  exist- 
ing customer  to  find  out  if  he  is  satisfied  as  to  his  bills  and  lamp 
or  motor  service  arrangement  and  to  see  if  there  is  not  some 
other  device  which  may  be  used.  This  developmient  work  will 
consume  probably  several  months,  but  the  company  will  get  in 
close  touch  eventually  with  the  customer,  know  him  better  and 
sell  him  more. 

It  has  always  been  the  custom  of  the  company  to  draw  a 
dividing  line  between  the  small  and  the  large  business.  This 
division  is  set  arbitrarily  at  30  kilowatts.  The  large  business 
is  handled  by  the   general   agent's   department,   with  seven   as- 
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sistants  whose  duty  it  is  to  call  upon  all  large  customers,  both 
existing  and  prospective  ones.  They  make  friendly  calls  three 
times  in  three  months,  simply  to  keep  in  touch  with  the  customer 
and  see  that  he  is  satisfied.  It  has  been  demonstrated  that  a 
satisfied  customer  always  produces  new  ones  and  it  is  the  policy 
of  the  company  to  work  along  such  lines. 

/.  D.  Israel: — Air.  Hale  stated  that  he  did  not  think  it  ad- 
vantageous for  the  salesmen  to  become  well  acquainted  with  the 
customers.  I  disagree  with  Mr.  Hale  on  that  point,  but  I  agree 
W'ith  him  on  the  necessity  of  changing  the  district  of  the  solicitor 
from  time  to  time,  but  not  necessarily  changing  the  district  mana- 
ger. We  find  that  some  solicitois  are  not  suited  for  certain  lo- 
calities but  yet  may  prove  of  much  service  to  the  company  in 
some  other  district.  In  such  cases  we  make  a  transfer  of  so- 
licitors. 

This  district  manager  should  become  well  acquainted  with  the 
people  and  the  prevailing  conditions  of  the  district  over  which 
he   has   jurisdiction. 

Some  criticism  has  been  made  of  the  minimum  charge.  We 
feel  that  it  is  justifiable  on  account  of  the  ready-to-serve  and 
maintenance   expense   attached   to   each   connection. 

With  reference  to  the  criticism  of  discounts  on  large  in- 
stallations, it  will  be  found  on  analysis  that  the  large  installations 
play  their  part  in  filling  the  valleys  and  broadening  the  peak  of  a 
load  diagram. 

In  Philadelphia  the  solicitor  has  no  authority  to  change  the 
rates.  There  is  a  regular  schedule  of  rates  to  which  the  solici- 
tors must  adhere.  The  scale  of  discounts  is  printed  and  is  pub- 
lic property,  and  anyone  has  ready   access  to  the  information. 

G.  H .  Merrill : — I  wish  to  refer  briefly  to  the  curves  shown  by 
Mr.  Jones  which  give  the  connected  load  and  kilowatt-hours 
output  month  by  month.  With  the  beginning  of  tungsten  lamp 
installations  the  kilowatt-hour  consumption  is  shown  to  become 
relatively  less  per  kilowatt  of  connected  load.  This  can  only 
mean  that  the  customers  have  a  lower  lighting  load  factor  after 
installing  the  high  efficiency  lamps  than  before.  It  is  improbable 
that  this  is  a  result  of  using  the  tungsten  lamps  for  shorter 
periods  than  the  carlx^n  which  they  replaced  but  rather  that  only 
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those  carbon  lamps  which  are  used  for  long  periods  each  day 
were  replaced  with  tungsten  lamps  (of  perhaps  somewhat  less 
total  wattage)  while  lamps  of  low  efficiency  and  high  wattage 
were  allowed  to  remain  in  the  out-of-the-way  places.  These 
latter  lamps  add  relatively  a  great  deal  more  to  the  connected 
load  and  the  maximum  demand  than  to  the  kilowatt-hour  con- 
sumption because  of  their  short  period  of  use. 

It  seems,  therefore,  that  it  would  be  to  the  best  interest  of  the 
central  station  to  see  that  lamps  of  low  wattage  are  used  where 
the  period  of  use  is  short.  Undoubtedly  25-watt  tantalum  lamps 
would  give  sufficient  light  in  a  great  many  cases  in  which  56- 
watt  carbon  lamps  are  now  used,  or,  if  it  be  desirable  to  have 
more  light,  25-watt  tungsten  lamps  could  be  used.  The  cus- 
tomer's lighting  load-factor  would  be  improved  considerably  by 
such  practice  and  the  number  of  killowatt-hours  sold  per  killo- 
watt  of  maximum  demand,  or  per  kilowatt  of  connected  load 
would  be  increased  thereby. 

L.  /.  Aucrbacher : — Allow  me  to  state  in  this  connection  that 
I  believe  we  have  been  neglecting  the  biggest  customer,  and 
that  is  city  lighting.  I  feel  that  our  streets  exhibit  the  worst 
exhibition  of  lighting  to  be  seen. 

14^.  T.  Blackzvell : — The  appropriations  in  New  York  are  gov- 
erned by  the  Board  of  Estimate  and  Apportionment,  and  the 
retiring  Board  has  provided  only  sufficient  money  to  care  for 
the  existing  equipment,  and  has  made  no  provision  for  additional 
street  lighting. 

H.  T.  Oivcns : — I  should  like  to  call  attention  to  the  great  im- 
provements which  have  been  rriade  in  the  Western  cities  in  or- 
namental public  lighting,  which  is  paid  for  by  the  local  mer- 
chants. This  is  in  great  contrast  to  those  cities  in  the  East  where 
the  matter  has  been  almost  entirely  neglected.  In  New  York, 
Boston,  Philadelphia,  and  other  large  cities,  special  lighting  on 
prominent  thoroughfares  has  been  supplied  by  the  municipality, 
but  where  the  city  officials  cannot  or  will  not  do  this  the  live 
men  in  the  gas  and  electric  light  companies  have  a  fertile  field 
for  new  business. 

/.  D.  Israel: — With  reference  to  street  lighting,  we  think 
we  have  a  generally  well-lighted  city,  with  a  more  even  distribu- 
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tion  of  illumination  throughout  than  is  to  be  found  elsewhere. 
The  Market  Street  plan  of  lighting  was  decided  upon  after  actual 
tests  and  experiments  had  been  made  with  the  various  systems, 
and  we  feel  satisfied  that  the  Electrical  Bureau  has  accomplished 
good  results. 

A.  J.  Marshall: — From  numerous  visits  to  Philadelphia  I  have 
been  led  to  believe  that  the  street  referred  to  is  one  of  the  best 
lighted  thoroughfares  in  the  country. 

B.  J.  Aplin. — As  an  example  of  well-engineered  city  lighting 
I  would  call  attention  to  the  arc  lighting  installation  of  upper 
Seventh  avenue,  and  also  Broadway,  New  York  City,  which  as 
to  economy  and  aesthetic  efifect,  I  believe,  will  compare  favorably 
with  that  in  any  other  city  in  this  country  or  Europe.  No  doubt 
within  the  near  future  the  main  thoroughfares  of  this  city  will 
be  illuminated  by  arc  lamps  and  the  lesser  traveled  ones  with 
high   efficiency   incandescents. 

Mr.  Jones  states  that  often  business  comes  to  the  central  sta- 
tion. This  is  true,  but  companies  engaged  in  the  distribution 
of  a  commodity  of  this  character  must  needs  take  the  initiative 
and  through  their  agents  advocate  the  use  of  the  latest  design 
in  lighting  appliances.  The  growth  of  a  factory  section  in 
densely  populated  cities  will  j^resent  opportunities  to  the  illu- 
minating engineer  for  the  more  scientific  distribution  of  arti- 
ficial illumination  affording  greater  protection  to  the  eyes  of 
those  therein  employed  as  well  as  a  saving  in  energy  consump- 
tion. 

The  central  station  district  office  manager,  is  enabled  to  keep 
in  close  touch  with  the  requirements  of  those  in  his  vicinity. 
An  irritated  customer  calling  can  here  reason  out  with  him  per- 
sonally the  knotty  problems  that  occasionally  arise  and  through 
courteous  and  considerate  treatment  a  friendliness  for  the  sta- 
tion service  is  promoted. 
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A  paper  presented  at  a  meeting  of  the  New 
England  Section  oj  the  Illuminating  Engineer- 
ing Society,  Boston  Mass.  Eebmary  11,  igio. 


FACTORY    LIGHTING. 

(Abstract  of  address.) 


BY    L.    B.     MARKS. 


New  England  is  noted  for  its  factories,  and  a  splendid  oppor- 
tunity exists  in  this  section  of  the  country  to  apply  the  prin- 
ciples of  illuminating  engineering  in  the  remodeling  of  existing 
installations.  But  sometimes  the  ones  that  are  able  to  have  the 
proper  things  are  the  last  to  adopt  them;  and  frequently  even 
after  they  have  been  set  aright  they  will  go  back  to  the  old  method. 
This  is  especially  true  of  factory  lighting.  The  average  work- 
man is  used  to  a  certain  kind  of  lighting,  a  drop  lamp  over  a 
machine,  usually  within  a  foot  or  two  of  the  spindle  or  of  the 
working  surface.  Substitute  for  that  drop  lamp  almost  any 
other  method  of  illumination  and  he  is  apt  to  complain.  He 
will  say  it  is  not  as  good  as  the  old  way,  even  though  the  old 
way  was  destroying  his  eyesight. 

The  general  subject  of  factory  illumination  may  be  considered 
tinder  two  heads ;  namely,  natural  and  artificial  lighting.  While 
it  is  true  that  a  large  percentage  of  factory  work  is  done  dur- 
ing the  day,  still  in  some  cases  much  work  is  done  under  artifi- 
cial light.  We  all  know  that  sometimes  it  is  impossible  for  the 
workman  to  do  the  same  character  of  work  by  artificial  light 
as  by  daylight,  and  in  some  cases  it  is  impossible  for  him  to  do  his 
work  at  all  by  artificial  light.  Is  there  then,  any  inherent  defect 
in  the  artificial  light  which  prevents  the  workman  seeing  by  that 
light  as  well,  or  nearly  as  well,  as  he  can  by  daylight?  We  have 
found  from  practical  experience  that,  though  managers  have 
said  it  was  simply  impossible  to  light  a  certain  class  of  work  by 
artificial  light,  with  proper  application  of  the  light  it  has  been 
possible  to  do  so. 

Those  of  us  who  have  had  occasion  to  visit  factories,  will 
know  that  the  basements  are  frequently  poorly  lighted,  that 
workmen  are  compelled  to   labor   altogether  by  artificial   light. 
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There  is  a  perceptible  eye  strain,  which  the  managers  do  not 
seem  to  appreciate,  otherwise  they  would  be  the  first  to  want  a 
change  in  the  character  of  the  lighting  equipment.  Money  would 
be  no  object,  for  the  spending  of  a  comparatively  few  dollars 
would  bring  about  a  change  which  to  them  would  be  worth 
hundreds,  perhaps  thousands. 

One  of  the  devices  used  advantageously  in  reinforcing  day- 
light in  certain  dark  parts  of  a  shop  is  prismatic  glassware,  or 
so-called  daylight  prisms.  In  one  mill,  by  the  substitution  of 
these  daylight  prisms,  it  was  possible  to  dispense  with  eight 
skylights,  thus  giving  the  proprietors  10,800  square  feet  of  ad- 
ditional well  lighted  floor  space.  The  rest  of  the  shop  was 
better  for  the  change  too.  The  economic  value  of  this  is  not 
easily  determined,  but  of  far  greater  importance  is  the  change 
that  is  brought  about  in  the  ability  of  the  workman  to^  do  good 
work  continuously. 

There  is  great  difference  in  the  diffusing  and  directing  power 
of  different  kinds  of  daylight  glassware.  We  all  know  that 
clear  glass  windows,  though  they  permit  light  to  enter  a  room 
do  not  direct  it ;  whereas  certain  forms  of  prismatic  glassware 
direct  it  one  way,  and  other  forms  in  an  entirely  different  way.. 
It  is  the  duty  of  the  illuminating  engineer,  then,  so  to  select 
glassware  and  design  windows  to  obtain  the  best  results  not 
only  in  the  amount  of  light  which  enters  the  factory  bu'lding, 
but  in  its  direction.  I  lay  great  stress  on  the  latter  point  be- 
cause it  applies  just  as  strongly  to  daylight  as  it  does  to  artificial 
light. 

It  seems  clear  to  me  that  any  illumination  which  results  irt 
a  series  of  bright  spots  on  a  dark  background  is  poor  illumina- 
tion. In  other  words,  strictly  localized  lighting  by  lamps  en- 
closed in  opaque  shades  or  reflectors  is  apt  to  be  poor  illumination.. 
There  is  no  ultimate  economy  in  that  class  of  lighting,  even 
though  there  may  be  great  economy  in  the  initial  and  operating 
cost  of  such  an  installation  for  the  reason  that  the  operator,  in 
my  opinion,  is  not  able  to  do  continuously  as  good  work  as  he 
could  if  the  illumination  were  of  a  different  character. 

In  one  of  the  factories  investigated  the  actual  general  illum- 
ination throughout  the  shops  at  night  was  only  about  one-fourth 
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of  a  foot-candle, — in  some  departments  as  low  as  one-tenth  of  a 
foot-candle.  There  was  a  restricted  field  that  was  highly  illum- 
inated by  the  drop  lamps,  where  the  intensity  of  illumination 
was  all  the  way  from  lo,  20,  50,  100,  up  to  250  foot-candles. 
The  great  difference  in  light  intensity  between  the  general  and 
the  local  fields  undoubtedly  brought  about  severe  eye  strain. 

I  have  had  the  opportunity  of  comparing  the  results  of  an  in- 
stallation of  this  character  with  one  in  which  the  general  illum- 
ination was  not  restricted  as  in  the  case  of  the  drop  lamp  installa- 
tions, but  was  obtained  by  directed  light  from  lamps  hung  some 
six  feet  or  so  above  the  floor.  In  this  particular  case  it  was  like 
pulling  teeth  to  convince  the  management  that  it  would  actually 
pay  to  spend  two  and  a  half  times  as  much  money  for  current, 
to  throw  out  its  old  system  and  put  in  something  else.  But  it 
was  finally  done,  and  we  have  had  two  and  a  half  years  of  ex- 
perience with  this  installation  with  splendid  results. 

I  make  the  plea  here  to  you  to  consider  seriously  the  question 
whether  the  localized,  highly-restricted  illumination  which  is 
used  in  the  average  factory  is  the  proper  thing.  Is  it  fair  to 
the  workman,  and,  if  it  is  not,  are  we  not  the  people  to  take 
the  lead  in  showing  the  community  that  the  workman's  eyes  are 
suffering?  Never  mind  whether  the  managers  see  ultimate 
economy  in  it  or  not,  that  is  bound  to  come,  it  seems  to  me; 
but  let  us  take  up  the  problem  from  the  humanitarian  stand- 
point. If  it  is  not  right,  let  us  band  together  and  correct  it. 
We  members  of  the  Illuminating  Engineering  Society  owe  it 
to  ourselves  and  to  the  community  to  find  out  what  is  right, 
and  if  any  commercial  organization  supports  a  method  of  illum- 
ination which  we  believe  is  wrong,  if  we  are  convinced  of  the 
fact,  let  us  advise  the  public  to  that  effect. 
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The  Chicago  Section  of  the  Illuminating  Engineering  Society 
met  in  the  Chicago  Room  of  the  Great  Northern  Hotel  for  lunch- 
eon at  noon,  Friday,  February  18,  19 10.  Chairman  Scheible  pre- 
sided. 

Secretary  Beebe  announced  the  temporary  abatement  of  the 
Society's  initiation  fee  adding  that  he  thought  this  fact  would 
increase   considerably  the  local   membership. 

Chairman  Scheible  then  announced  that  Preston  S.  Millar, 
general  secretary  of  the  society,  would  talk  on  "Recent  Develop- 
ments in  Illuminants." 

^Ir.  ]\Iillar  reviewed  the  developments  of  the  past  decade  in 
all  commercial  forms  of  artificial  illuminants  and  presented  lan- 
tern slides  and  data  showing  the  performance  and  present  status 
of  each  of  the  illuminants  referred  to.  In  addition,  certain  new 
or  unusual  forms  of  lamps  were  passed  among  the  audience  for 
examination. 


The  Chicago  Section  of  the  Illuminating  Engineering  Society 
met  in  the  Chicago  Room  of  the  Great  Northern  Hotel  for 
luncheon  at  noon,  Tuesday,  March  15,  1910.  Geo.  R.  Keech, 
presided. 

The  subject  under  discussion  was  ''The  Necessity  for  Illumi- 
nating Engineering  in  Small  Cities,"  by  Mr.  J.  R.  Cravath. 

/.  R.  Cravath: — My  experience  is  that  illuminating  engineer- 
ing in  small  towns  represents  the  extreme  of  the  art.  We  usually 
look  to  the  cities  to  represent  these  extremes,  but  in  this  case  it 
seems  to  be  reversed.  I  have  seen  some  of  the  best  illuminating 
engineering  in  small  towns  in  the  early  stages  of  development, 
and  I  am  sure  I  have  also  seen  some  of  the  worst.  There  is 
need  for  good  illumination  in  small  towns,  because  the  average 
country  merchant  or  owner  of  a  home  has  not  much  surplus  to 
spend  on  lighting,  and  for  reasons  of  economy  alone  it  is  quite 
important  that  he  be  given  particular  attention.  The  status 
of  illumination  in  a  small  town  depends  usually  almost  entirely 
upon  the  lighting  company  in  the  town.  In  other  words,  the 
people  naturally  look  to  them  for  advice,  as  they  usually 
initiate   any   improvements.     If   they   are   progressive,   and   lead 
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their  customers  to  put  in  modern  installations  in  order  to  get 
the  best  results  for  their  money,  you  can  very  soon  see  improve- 
ments.    The  small  town  is  quicker  to  respond  than  the  city. 

In  the  small  stores  in  a  country  town,  the  typical  arrangement 
for  years  was  to  have  one  or  two  arcs  to  light  a  store,  25  or  30  ft. 
wide,  or  else  a  couple  of  rows  of  bare  incandescent  lamps  on  drop 
cords,  hung  about  the  level  of  the  customer's  eyes.  There  has 
always  been  an  apparent  aversion  on  the  part  of  the  country 
store-keeper  to  use  any  glassware  or  reflector  to  give  better  re- 
sults. These  stores  were  originally  wired  at  minimum  expense, 
i.e.,  with  plain  drop  cords  and  bare  lamps.  It  was  often  hard  to 
persuade  them  that  it  pays  to  invest  money  in  reflectors.  This 
condition  holds  true,  not  only  with  electric  light,  but  also  with  gas 
and  isolated  gasoline  plants.  Gasoline  plant  manufacturers  have 
done  very  little  to  try  and  get  better  results  from  their  system. 
The  laxity  of  the  gasoline  plant  manufacturers  in  this  regard  has 
been  helpful  to  central  station  companies,  as  the  ability  to  ob- 
tain better  results  with  the  same  expense  by  the  use  of  proper 
glassware,  etc.,  with  either  electricity  or  gas  has  helped  these 
companies  to  compete  with  gasoline  lighting  on  the  ground  of 
economy.  There  are  some  towns  in  Illinois  and  neighboring 
states  where  a  bad  installation  in  the  down-town  district  is 
rather  the  exception  than  the  rule.  Tungsten  lamps  are  hung 
high  with  efficient  reflectors,  and  deliver  the  light  on  the  counters 
where  it  is  needed,  and  conditions  in  general  are  very  good, 
a   state   of   affairs  brought   about   by   strong   competition. 

In  residences  in  country  towns  the  conditions  are  similar  to 
those  in  the  cities.  People  generally  are  not  awake  to  perfected 
apparatus.  The  dealers  in  small  towns  say  there  is  still  demand 
for  cheap  fixture  with  curved  arms,  with  the  lamps  pointing 
out  at  an  angle. 

The  necessity  for  the  old  style  chandelier  is  practically  gone. 
In  fact  they  are  a  useless  expense,  and  are  inefficient  after  they 
have  been  put  up.  I  think  on  the  whole  we  can  say  that  illumi- 
nating engineering  practice  in  country  towns  compares  favorably 
with  that  of  the  average  of  the  larger  cities. 

Mr.  Fitzgerald : — In  Gary  we  recently  had  up  the  proposition 
of  properly  lighting  the  new  City  Hall.     I  took  the  members  of 
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the  Board  of  Trustees  to  South  Bend,  Indiana,  to  see  the  il- 
lumination at  the  Studebaker  office  building,  one  of  the  best 
samples  of  good  illumination  in  that  part  of  the  country.  We 
planned  our  lighting  system  from  the  ideas  we  gathered  from 
the  Studebaker  mstallation.  The  plans  called  for  the  use  of 
five  lOO-watt  units,  tungsten  lamps.  Running  short  of  money 
before  the  lamp  question  came  up,  instead  of  using  the  tungsten 
lamps  planned  they  installed  40-watt  tantalum  lamps.  The  re- 
sult was  not  what  was  intended.  Some  of  the  clerks  now  use 
drop  cords  from  the  fixtures  in  order  to  have  lamps  over  their 
work. 
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A  paper  presented  at  a  meeting  of  the  Neiv 
York  Section  of  the  Illuminating  Engineering 
Society,  New  I'ork,  March  17,  igio. 

THE    RELATIONSHIP     OF    DECORATION    TO    THE 
ILLUMINATING  ENGINEERING  PRACTICE. 


BY   C.   R.   CLIFFORD,, 


In  considering  the  subject  entrusted  to  me,  we  must  con- 
cede at  the  outstart  that  the  relationship,  heretofore  existing 
between  engineer  and  decorator  has  been  more  theoretical 
than  practical.  The  illuminating  engineer  has  been  always  too 
busy  with  the  installation  of  electric  plants,  the  illumination  of 
mills,  big  department  stores,  institutions,  and  public  buildings, 
to  give  to  the  study  of  decoration  any  adequate  consideration. 

As  a  result,  the  illumination  of  the  home  is  undertaken  in 
a  perfunctory  spirit  by  somebody  or  other  under  the  architect 
or  decorator  who  fixes  his  outlets  according  to  order,  a  mere 
mechanic  on  the  job.  Such  a  man  naturally  occupies  a  negative 
position.  \ 

There  is  a  vast  undeveloped  field  of  usefulness  in  the  illu- 
mination of  the  modern  home  and  neither  the  architect  nor  the 
decorator  is  competent  to  conceive  its  possibilities. 

Whatever  is  good  in  decoration  springs  from  the  consistent 
relationship  of  color  and  form  under  certain  light  conditions. 
The  decorator  appreciates  the  charm  of  these  conditions  which, 
for  want  of  a  better  name,  he  calls  atmosphere ;  and  I  know  of 
no  one  more  competent,  with  proper  study,  to  create  this  atmos- 
phere than  the  illuminating  engineer.  As  the  choice  of  color 
is  guided  by  the  conditions  of  light,  the  character  of  light  is 
obviously  of  the  utmost  importance;  and  yet  the  subject  is  but 
vaguely  comprehended.  The  technical  man  has  given  his  life 
to  economic  rather  than  to  psychological  consideration.  He  has 
knowledge  of  power  and  energy,  but  he  smiles  indulgently  and 
with  smug  complacency  at  the  mere  idea  of  sestheticism.  And 
yet  the  field  is  broad  and  profitable,  and  it  would  be  a  great  re- 
lief to  the  decoratcr  to  be  able  to  give  over  to  you  the  illumina- 
tion responsibilities  in  all  that  the  term  implies. 
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If  you  are  not  already  recognized  as  factors  it  is  because  you 
have  not  awakened  to  your  great  powers.  And  what  consti- 
tutes artistic  ilkimination  ?  Art  is  simply  the  expression  of  one's 
belief  in  the  beautiful.  It  is  a  nice  problem  to  decorate  in  a  way 
to  give  true  balance,  for  there  is  always  the  danger  of  overdoing. 
No  matter  how  great  one's  admiration  for  a  thing,  there  is  al- 
ways a  final  point  of  satiety  where  the  desire  needs  rest. 

A  woman  may  love  flowers,  but  in  the  season  of  flowers, 
when  all  nature  supplies  an  over-abundance  and  the  visual  sense 
becomes  saturated  and  satiated,  the  home  that  is  furnished  in 
cool  neutral  tones  is  a  grateful  and  restful  retreat,  a  relief  to 
the  eye  over-burdened  with  color.     So  with  light. 

In  ninety-nine  cases  out  of  a  hundred  the  decorator  furnishes 
the  house  and  selects  his  colors  by  daylight ;  and  in  order  that  he 
may  preserve  the  purity  of  the  colorings  by  night,  he  is  predis- 
posed to  the  use  of  artificial  white  light — a  continuance  of  day- 
light efifects.  And  yet  nature  provides  restfulness,  which  comes 
with  sundown.  Why  not  follow  the  work  of  nature  and  into 
the  home  at  night  carry  the  quiet  and  peace  of  eventide,  to  rest 
one  from  the  glare  of  perpetual  day?  If  you  are  to  impart  the 
comfort-giving,  pleasure-giving  qualities  which  impel  admira- 
tion, you  must  grasp  the  subject  from  the  decorator's  standpoint 
and  give  him  help.  Above  all  else  you  must  have  imagination, 
the  motive  power  of  all  enterprise,  the  impetus,  the  thought 
behind  the  act.  In  great  feats  of  engineering,  imagination  is 
the  fulcrum  on  which  the  spirit  of  genius  is  lifted  to  success. 

The  joys  of  the  home,  its  ceremonial  functions,  its  dinners  and 
dances,  even  the  quiet  of  an  evening  with  the  reading  lamp,  may 
be  all  enhanced  or  marred  by  your  knowledge.  It  is  not  a  mat- 
ter of  mathematics  that  is  brought  to  you,  it  is  a  subject  to 
which  you  must  apply  imagination  that  evokes  the  aesthetic  sense. 

Instead  of  height  and  width,  length  and  breadth,  consider 
occasionally  the  light  necessary  according  to  the  individuality  of 
the  room.  Consider  the  efifects  of  reflection,  the  value  of  cove 
lighting  by  diffusion,  the  usefulness  of  the  ceiling  as  a  reflecting 
agent. 

Consider  the  candle-power  f(;r  a  room  only  after  calculating 
the  probable  color  treatment  of  the   room.     It  is  an   elemental 
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principle,  for  example,  in  house  decoration,  to  select  warm  color- 
ings for  the  north  room  on  the  theory  that  in  the  north  room  we 
have  a  natural  cold  light,  and  warm  colors  are  preferable  in  the 
decorations.  The  electrician  can,  therefore,  assume  by  deduction 
that  he  needs  a  greater  amount  of  illumination  in  this  north 
room  because  the  warm  color  tones  used  in  the  decoration  of 
this  room  are  factors  which  absorb  light. 

Consider  the  reduction  of  illumination  by  the  addition  of 
shadow-casting  furniture  and  light-absorbing  upholsterings  and 
curtains. 

Consider  the  usefulness  of  low  placed  lamps  for  the  dining- 
room,  the  practicability  of  bookcase  and  closet  lamps  and  high 
lamps  at  the  bureau  reflecting  the  image,  and  the  blaze  of  light 
in  the  dressing  room. 

Consider  the  character  of  the  drawing-room  and  reception- 
room,  to  which  all  ages  and  conditions  of  humanity  have  access. 

Consider,  independent  of  color,  that  dull  and  lusterless  walls 
and  velvet  stufifs  absorb  light,  while,  highly  finished  fabrics  or 
woodwork  reflect  light. 

Consider  the  loss  of  illumination  by  reflection,  and  never  lose 
sight  of  the  fact  that,  while  it  is  necessary  to  have  sufficient  light 
where  needed,  there  is  a  danger  equally  serious  in  over-lighting 
and  destroying  the  pictorial  beauty  of  a  room. 

Consider  the  features  of  interest,  the  articles  of  special  beauty 
and  use  your  lights  to  accentuate  their  charms. 

Consider  that  without  shadow  we  have  poor  perspective.  The 
illuminating  engineer  who  throws  light  into  the  remotest  corners 
destroys  variety  and  pictorial  character. 

The  danger  to  good  decoration  is  not  only  in  over-decorating 
but  in  over-lighting.  The  most  effective  room  is  the  room 
illuminated  with  various  degrees  of  strength. 

We  want  shadows ;  we  want  light  and  shade.  It  is  all  right 
for  the  factory  and  showroom  to  have  a  penetrating  white  light 
that  reveals  every  thread  of  the  texture  and  preserves  the  in- 
tegrity of  every  color.  It  is  all  right  for  the  hospital  and  the 
operating  table,  but  for  universal  home  use,  no. 

And,  before  you  have  given  much  study  to  your  subject,  you 
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will  realize  the  crushing  disadvantages  of  impracticable  and  in- 
sufficient outlets. 

Give  plenty  of  outlets  to  a  room.  It  will  add  to  the  selling 
value  of  the  house.  Thousands  and  hundreds  of  thousands  of 
dwellings  are  built  each  year  on  the  country  byways  and  city 
avenues  evidently  to  be  sold  to  someone  who  has  nothing  to  do 
with  their  construction,  and  in  all  such  buildings  we  find,  not 
only  a  heedless  regard  for  light,  but  a  contempt  for  practicability. 

Fortunately  we  are  able  to  meet  the  utilitarian  problem  by 
stringing  wires  to  movable  lamps;  but  why  employ  the  make- 
shift which  is  so  obvious  an  attempt  to  correct  the  errors  of 
the  engineer? 

Consider  always  the  character  of  the  room  and  its  uses.  There 
are  times  when  it  is  pleasanter  that  the  truth  should  be  half  told, 
and  the  soft  refulgent  glow  is  better  than  the  glare  that  is  merci- 
less. 

The  home  is  the  theater  of  life.  Then  give  us  the  lights  that 
make  joy  and  peace,  happiness  and  repose. 

Go  to  the  mimic  stage  and  observe  the  great  work  that  is 
done  there.  No  longer  does  the  orchestra  give  the  key  to  the 
emotion.  We  are  not  aroused  to  an  extra  heart  beat  by  the 
shiver-music  of  the  strings.  It  is  the  man  with  the  light,  and 
why?  Because  the  play  is  always  seen  by  artificial  light  and 
whether  the  light  simulates  nature  by  daylight  or  moonlight,  the 
colorings  on  the  stage  are  so  selected  that  they  are  beautiful 
under  the  lights  used  and  are  not  a  discordant  element,  a  sacri- 
fice to  the  demonstrations  of  illumination. 

Remember  always  that  our  social  functions  are  at  night,  and 
even  in  the  afternoon  affairs  miladi  lights  the  candles  and  draws 
the  shades ;  and  the  lights  should  be  an  effective  aid  to  the  color- 
ings and  not  an  influence  emasculating  and  discordant. 

All  of  this  is  known  to  the  decorator.  He  perceives  daily  the 
possibilities  of  light  but  he  knows  not  how  to  obtain  them,  nor 
does  he  know  the  man  who  is  qualified  to  help  him.  It  would 
seem,  therefore,  as  though  the  illuminating  engineer  should  quali- 
fy as  the  one  authority,  not  only  upon  all  that  pertains  to  the 
production  and  installation  of  light,  but  to  its  introduction 
through  the  medium  of  the   chronologically  accurate  fixture. 
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The  study  of  fixtures  cannot  be  undertaken  superficially.  Im- 
migration, commerce,  the  industrial  arts,  religion  and  politics 
have  carried  into  the  home  for  countless  centuries  what  we  have 
learned  to  regard  as  period  furnishings  and  period  styles ;  and 
to  understand  the  periods  you  must  comprehend  not  only  the 
historical  relations,  politics  and  commerce  of  nations,  but  the 
progress  of  civilization,  art  and  industry. 

You  must  follow  the  Renaissance  developments  through  the 
Louis  XIV,  XV,  XVI  and  Empire  regimes.  You  must  follow 
the  inroads  of  the  Dutch  and  her  Flemish  predecessors,  the  de- 
velopments of  the  English  from  Henry  VIII  down  to  George  III. 

From  the  Egyptian  to  the  Art  Nouveau  there  is  a  span  of 
thirty  centuries,  and  to  furnish  the  fixtures  in  the  Elizabethan, 
Jacobean,  Colonial,  Oriental,  Queen  Anne  and  the  innumerable 
other  styles  means  study. 

And  what  of  the  mystery  of  your  lights?  Did  you  ever  stop 
to  think  of  the  psychology  of  light?  Chromotherapy  is  the 
science  based  on  the  effect  of  colored  lights  on  the  human  body. 
For  years  Schopenhauer,  as  well  as  Herbert  Spencer,  searched 
for  an  explanation  of  the  effects  of  music  on  the  emotions,  and 
yet  the  effect  of  color  upon  the  nerves  of  nervous  people  is 
more  distinctly  shown  than  the  effects  of  music. 

The  Dutch  savant  Van  Bliervliet  holds  that  the  senses  directly 
affected  by  color  furnish  absolute  nourishment  to  the  intellectual 
factors,  and  experiments  made  simultaneously  upon  a  dozen  peo- 
ple chosen  haphazard,  showed  that  the  most  intelligent  were 
those  most  easily  affected  by  color  or  music. 

Physicians  have  discovered  that  nervous  prostration  may  be 
successfully  relieved  by  color,  especially  violets,  blues  and  greens. 
Reds  are  exciting,  orange  and  yellow  stimulating. 

It  is  well  to  consider  that  there  should  not  only  be  no  glare 
in  the  study  to  disturb  one,  but  that  a  blue,  green  or  violet 
light  should  be  used.  We  look  for  the  gaiety  of  orange,  yellow 
and  red  in  the  drawing-room.  Hence  the  popularity  of  the  yel- 
low of  candlelight  diffusing  joy.     It  is  the  sunshine  of  night. 

Nature  provides  vast  fields  of  green  because  it  is  favorable 
in  its  effect  upon  animals. 

Experiments  show  that  men  of  extreme  sensibilities  exposed 
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to  red  light  show  excitement,  and  increased  muscular  develop- 
ment. I  commend  to  your  study  the  work  of  the  illuminat- 
ing engineer  employed  upon  the  stage  of  the  play  "The  Harvest 
Moon,"  If  there  is  doubt  in  your  mind  of  the  psychological  in- 
fluence of  light  and  of  its  great  interest  to  the  public,  I  advise 
you  to  watch  this  audience  spellbound  in  its  interest. 

It  is  not  the  white  light  alone  that  is  wanted,  it  is  not  the 
purity  of  color  value  that  we  must  consider  in  lighting,  it  is 
first  the  object  of  the  room  and  then  the  practicability  of  the 
outlets ;  then  the  influences  as  expressed  by  the  volume  or  the 
color  of  your  light. 

Take  a  lesson  from  the  influence  of  light  on  this  audience  and 
Vavin  and  consider  if  the  influences  of  your  work  may  not  ex- 
tend beyond  the  purely  mechanical. 
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MARCH  10,   1910. 

At  the  regular  meeting  of  the  Council  held  at  the  office  of  the 
Society,  March  10,  1910,  there  were  present  Messrs.  E.  P.  Hyde, 
President,  Louis  Bell,  J.  S.  Codman,  J.  D.  Israel,  Bassett  Jones, 
Jr.,  A.  S.  McAllister,  L.  B.  Marks,  W.  C.  Morris,  E.  B.  Rosa, 
and  P.   S.   Millar,   General   Secretary. 

After  transacting  routine  business,  the  following  Committee 
appointments  were  announced  by  the  President  and  approved  by 
the  Council. 

Committee  on  New  Members : — J.  Robert  Crouse,  chairman ; 
W.  H.  Gartley,  H.  B.  Dates. 

Committee  on  Progress : — Louis  Bell,  chairman ;  Geo.  S.  Bar- 
rows, Percy  W.  Cobb. 

Executive  Committee  \ — E.  P.  Hyde,  (ex-officio)  ;  W.  C.  Mor- 
ris, P.  S.  Millar,  L.  B.  Marks,  E.  B.  Rosa. 

Committee  on  Lecture  Course : — E.  P.  Hyde,  chairman ;  Louis 
Bell,  W.  H.  Gartley,  L.  B.  Marks,  C.  H.  Sharp,  W.  D.  Weaver. 

The  following  applicants  were  elected  to  membership : 

Beaker,  C.  H.  G.  Jr.,  Newburg,  N.  Y. 
Beal,  a.  R.,  Newburg,  N.  Y. 
Thomson.  A.  M.,  Boston,  Mass. 
Bernhard,  Frank  H.,  Chicago,  111. 
MCM11.LEN,  R.  B.,  Chicago,  111. 
Stave,  Theo.,  New  York,  N.  Y. 
GIvUCROFT,  S.  H.,  Brooklyn,  N.  Y. 
Wardi^aw,  Geo.  A.,  New  York,  N.  Y. 
Stockhausen,  a.  K.,  Dresden,  Germany. 


APRIL  14,   1910. 
The  regular  meeting  of  the  Council  was  held  in  the  office  of 
the  Society  on  Thursday,  April  14,  19 10.     There  were  in  attend- 
ance Messrs.  E.  P.  Hyde,  President,  Jos.  D.  Israel,  Bassett  Jones, 
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Jr.,  A  .S.  McAllister,  L.  B.  Marks,  and  P.  S.  Millar,  General 
Secretary.  There  were  present  also  by  inv'tation  Mr.  G.  A. 
Wardlaw,  Chairman  Committee  on  Editing  and  Publication  and 
Mr.  Robert  J.  Crouse,  Jr.,  Chairman  New  Membership  Commit- 
tee. 

After  consideration  with  Mr.  Wardlaw  regarding  the  many 
requests  for  sample  copies  of  the  Transactions  it  was  decided 
to  select  a  few  representative  papers  and  have  them  bound  in  a 
special  edition  of  500  copies  to  meet  such  demand. 

The  price  of  individual  numbers  of  the  Transactions  was  in- 
creased to  75  cents  to  non-members  and  55  cents  to  members  who 
desire  extra  copies. 

Mr.  Crouse  presented  in  detail  the  New  Membership  Commit- 
tee's plan  for  increasing  the  membership.  This  plan  met  with 
the  approval  of  the  Council  and  the  Committee  was  authorized 
to  proceed. 

The  Finance  Committee  presented  a  report  on  matters  within 
its  province.  The  Committee  on  Lectures  reported  in  some  de- 
tail regarding  plans  which  were  being  formulated  for  the  con- 
duct of  the  Lecture  Course  on  Illuminating  Engineering  at  Johns 
Hopkins  University.  The  Council  approved  actions  taken  by 
the  Committee  and  authorized  the  Committee  to  perfect  the  plans 
outlined. 

An  invitation  from  Johns  Hopkins  University  to  hold  the  191  o 
Convention  at  the  University  in  Baltimore  on  OctoB'er  24th  and 
25th  was  considered  and  accepted. 

Various  other  routine  matters  were  considered  and  disposed  of. 
The   following  applicants  were  elected  to  membership : — 

Van  der  Sandt,  Curt,  Germany. 

Smith,  Geo.  P.,  Union  Gas  and  Elec.  Co.,  Cincinnati,  O. 

Stevens,  Eugene,  Gen.  Elec.  Co.,  St.  Louis,  Mo. 

HuTTON,  DonaIvD  J.,  Mexican  Light  and  Power  Co.,  Mexico  City. 

LivoR,  J.  C,  Boston,  Mass. 


SECTION    MEETINGS. 


NEW    YORK    SECTION. 

This  meeting  was  held  on  March  17th  in  the  United  Engineer- 
ing Societies  Building.     President  Hyde  presided  and  there  was 
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an  attendance  well  above  the  average  of  the  New  York  Section. 
Three  papers  were  presented  and  discussed  respectively,  "The 
Relationship  of  Decoration  to  the  Illuminating  Engineering  Prac- 
tice" by  C.  R.  Clifford,  (March  Transactions),  "Color  Measure- 
ments— A  Resume"  by  Herbert  E.  Ives  and  "A  Standard  for 
Color  Values— The  White  Moore  Light"  by  D.  McFarlan  Moore. 

NEW    ENGLAND    SECTION. 

"The  Lighting  of  a  Hypothetical  Shoe  and  Rug  Store,"  was 
the  subject  of  discussion  at  a  meeting  of  the  New  England  Sec- 
tion held  in  the  Auditorium  of  the  Edison  Electric  Illuminat- 
ing Company  of  Boston  on  March  14th.  The  discussion  was 
opened  by  Messrs.  L.  Brent  Foster  and  Benjamin  T.  Bean. 

A  meeting  of  the  New  England  Section  of  the  Illuminating  En- 
gineering Society,  was  held  at  Boston,  Mass.,  on  April  11,  1909,  at 
7:50  p.  m.  The  first  paper  presented  was  on  "Street  Photom- 
etry," by  Dr.  Louis  Bell.  This  was  followed  by  a  paper  on 
"School  Room  Lighting,"  by  Mr.  B.  B.  Hatch.  After  the  [.apers 
were  given,  a  discussion  took  place.  The  committee  on  the  re- 
vision of  by-laws  gave  notice  of  contemplated  changes  which 
would  be  voted  upon  at  the  next  meeting.  There  were  30  pres- 
ent. 

PHILADELPHIA  SECTION. 

A  joint  meeting  of  the  Philadelphia  Section  with  the  Philadel- 
phia Section  of  the  American  Institute  of  Electrical  Engineers 
was  held  in  the  Assembly  Plall  of  the  Philadelphia  Electric  Com- 
pany on  March  14th.  Dr.  Hoadley  and  Mr.  J.  T.  Maxwell  pre- 
sided.    The  following  papers  were  presented : — 

"The  Generating  System  of  an  Electric  Lighting  Company," 
by  A.  R.   Cheyney. 

"Distribution,"  by  D.  F.  Schick. 

"Electric  Lighting  Within  the  Consumer's  Premises,"  by  Ha- 
rold Calvert. 

These  papers  were  discussed  by  W.  C.  L.  Eglin,  Northrup, 
H.  C.  Snook,  R.  B.  Ely,  E.  P.  Hyde,  President  I.  E.  S.  and 
P.  S.  Millar,  General  Secretary  I.  E.  S. 

CHICAGO   SECTION. 

A  special  meeting  of  the  Chicago  Section  was  held  at  the  Great 
Northern  Hotel  on  March  24th.     Mr.  A.  J.  Marshall,  Secretary 
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of  the  New  York  Section  addressed  the  meeting  on  the  subject 
of  school  room  lighting  along  the  lines  of  the  paper  by  Messrs. 
Marshall  and  Knight  presented  before  the  New  York  Section 
at  a  February  meeting. 


INCREASE  IN  MEMBERSHIP. 


Our  Membership  Committee  has  been  very  active  and  not 
without  excellent  results.  At  the  meeting  of  the  Executive  Coun- 
cil on  July  22d,  242  members  were  admitted,  and  up  to  the  present 
time  the  total  number  of  applicants  received  by  this  Committee 
is  367.  This  bespeaks  of  energy  and  interest.  A  good  many  of 
the  present  members  have  been  "solicited"  by  the  Membership 
Committee  in  order  to  keep  their  enthusiasm  aroused  to  the  pos- 
sibilities of  extending  the  membership. 

Why  should  we  not  hope  that  every  man  eligible  to  member- 
ship should  enjoy  membership?  The  facts  brought  out  by  the 
Membership  Committee  is  their  Campaign  are  that  too  many 
men  who  should  be  members  have  not  been  invited  to  become 
members.  The  life  of  any  scientific  society  is  dependent  upon 
its  membership.  Its  membership  should  include  every  one  in- 
terested in  the  objects  of  the  Society.  Mr.  J.  Robert  Crouse, 
1818  East  45th  Street,  Cleveland,  Ohio,  Chairman  of  the  Mem- 
bership Committee  and  his  office  will  gladly  accept  the  names 
of  any  prospective  applicants  which  you  may  have  in  mind.  Al- 
though we  have  increased  our  membership  over  33  per  cent.,  still 
if  each  member  would  by  personal  contact  and  co-operation  with 
the  IMembership  Committee,  interest  at  least  one  person,  our 
membership  would  increase  in  much  larger  proportion.  Please 
give  this  matter  your  consideration  and  support. 
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A  paper  presented  before  meeting  of  the  New 
York  Section,  March  ij,  1910. 


COLOR  MEASUREMENTS  OF  ILLUMINANTS— A 

RESUME. 


BY    HE:RBE:Rr    E.    IVES. 


Before  our  knowledge  of  the  effects  of  artificial  light  is  sat- 
isfactory we  must  solve  the  problem  of  the  part  played  by  color. 
Daylight  is  commonly  considered  the  ideal  illumination,  and  the 
age-long  adaptation  of  the  race  to  it  would  support  this  be- 
lief. Nearly  all  artificial  lights  are  greatly  different  from 
daylight,  among  other  respects  in  that  of  color.  The  practical 
results  of  this  are  seen  whenever  we  attempt  to  work  with  col- 
ors under  artificial  light.  Harmonies  made  under  these  condi- 
tions do  not  hold  in  daylight,  and  vice-versa.  This  difference  can 
be  met,  to  a  certain  extent,  by  designing  our  color  schemes  to  fit 
either  or  both  illuminations.  But  after  we  have  thus  masked 
the  differences  for  practical  purposes  an  important  question  re- 
mains. This  question  is  whether  Hghts  much  different  in  color 
from  daylight  are  harmful  to  the  eye  purely  because  of  the  large 
color  difference.  At  present  it  is  difficult  to  separate  the  various 
possible  harmful  effects  in  artificial  Hght  and  determine  their 
relative  importance.  High  intrinsic  brilliancy,  excessive  infra- 
red radiation,  and  poor  color  probably  all  strain  the  visual  organs. 
It  is  only  by  the  acquisition  of  exact  data  that  the  part  played 
by  each  of  these  several  factors  may  be  evaluated. 

In  the  present  paper  attention  is  devoted  to  securing  as  exact 
information  as  possible  on  the  difference  in  color,  between  day 
and  artificial  light.  A  review  is  made  of  the  various  measure- 
ments of  daylight  and  artificial  illuminants  that  have  been  ob- 
tained by  different  observers  and  by  different  methods.  This 
review  was  prompted  chiefly  by  the  existence  of  marked  incon- 
sistencies between  the  measurements  of  the  writer  by  one  method, 
and  certain  other  measurements  by  another  observer  by  another 
method.  In  the  attempt  to  compare  both  these  sets  of  figures 
with  those  of  other  observers  the  need  was  quickly  recognized 
of  reducing  all  figures  to  common  units.     This  done,  it  has  been 
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possible  to  arrive  at  figures  giving  more  accurately,  it  is  believed, 
than  heretofore,  the  color  relatiohs  of  many  illuminants,  natural 
and  artificial. 

Two  methods  have  been  used  to  measure  color  in  illuminants. 
First,  the  spectrophotometric  method,  in  which  the  relative  in- 
tensities of  the  two  spectra  are  measured  color  by  color,  or  wave- 
length by  wave-length.  Vogel,  Koenig,  Crova,  Pickering,  Koelt- 
gen,  Nichols  and  Franklin,  and  others,  have  made  measurements 
by  this  method.  Second,  the  method  of  color  mixture,  in  which 
an  actual  match  is  made  with  the  observed  illuminants  by  a  mix- 
ture of  certain  primary  colors.  Measurements  of  this  sort  have 
been  made  by  the  writer.  The  remits  obtained  by  the  two  meth- 
ods can  be  compared,  with  certain  limitations,  and  this  will  be 
done.  First,  however,  will  be  considered  the  spectrophotometric 
measurements. 

Daylight  measurements  have  been  subjected  to  two  sources 
of  uncertainty.  First,  the  variability  of  daylight  itself.  Second, 
the  lack  of  a  common  standard  of  comparison  in  different  sets 
of  measurements.  To  these  should  be  added,  as  a  fruitful  source 
of  error  in  the  spectrophotometer,  the  great  difficulty  of  making 
accurate  comparisons  of  lights  widely  differing  in  intensity  gra- 
dient from  end  to  end  of  the  spectrum. 

As  to  the  variability  of  daylight,  we  apply  this  term  to  every- 
thing from  a  deep  blue  sky  to  the  orange  hght  of  the  sun  near 
the  horizon,  to  the  clear  sunlight  of  summer  noon  and  to  the 
light  of  sun  and  sky  as  diffused  and  reflected  by  mist  and  clouds, 
these  latter  also  reflecting  the  color  of  earth  and  foliage.  Day- 
light is  not  therefore  of  definite  color.  Certain  qualities  of  day- 
light, however,  are  fairly  definite  in  character,  much  more 
definite,  in  the  writer's  opinion,  than  we  are  apt  to  think,  hav- 
ing in  mind  the  more  variable  kinds  of  sky  and  sunlight.  These 
kinds  of  daylight,  which  are  reasonably  constant  in  character,  are 
clear  noon  sunlight  in  summer,  and  a  clear  blue  sky,  near  the 
zenith.  "Average  daylight"  probably  lies  between  the  clear  blue 
sky  and  the  light  of  the  sun  through  the  greatest  thickness  of  air 
it  has  to  penetrate,  since  clouds  and  mist  owe  their  light  largely 
to  the  sun  and  sky  behind  them.  Without  considering  any  meas- 
urements, there  is  a  strong  a  priori  reason  for  believing  the  light 
of  the  high  sun  near  the  mean  of  daylight  illumination,  for  it  is 
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well  established  that  the  blue  of  the  sky  and  the  yellow  of  sun- 
set are  complementary  in  color,  each  being  produced  by  the 
same  cause, — scattering  of  the  sun's  light  by  passage  through  the 
air. 

Fortunately  most  of  the  available  measurements  have  been 
made  on  clear  sun  and  blue  sky,  largely  of  course  because  of  the 
greater  definiteness  of  these  two  over  other  kinds  of  daylight. 
For  the  change  of  color  of  sunlight  by  passage  through  various 
thicknesses  of  atmosphere  we  have  an  investigation  of  Abney 
which  confirmed  Rayleigh's  theory  that  the  scattering  of  light  by 
small  particles  is  the  cause  of  this  change.  If  then  we  bring  to- 
gether all  the  measurements  of  clear  sun  and  clear  blue  sky  we 
should  have,  if  the  above  opinion  as  to  their  definiteness  is  cor- 
rect, figures  derived  from  very  nearly  the  same  skies  and  sun. 
If  we  combine  with  the  sunlight  data  the  work  of  Abney  referred 
to  we  should  obtain  the  extreme  to  which  sunlight  varies  toward 
yellow.  Then  knowing  the  extremes  between  which  daylight 
varies  we  shall  be  in  a  position  to  discuss  the  problem  of  striking 
an  average. 

In  order  to  bring  together  all  the  available  measurements  it  is 
necessary  to  compare  them  all  with  a  common  standard.  This  is 
a  hard  matter,  for  we  find  that  practically  every  observer  has 
employed  a  different  artificial  source,  frequently  one  whose  color 
is  not  a  definite  thing,  often  one  which  has  not  been  compared 
with  any  used  by  other  observers.  We  thus  find  the  "gas  flame," 
"a  normally  burning  incandescent  lamp,"  ''petroleum,"  "the  Hef- 
ner," "the  Carcel,"  "acetylene"  and  often  there  is  no  adequate 
statement  of  the  conditions,  such  as  type  of  burner  or  grade  of 
oil,  or  watts  per  candle,  upon  which  color  depends.  Aside  from 
the  consequent  difficulty  in  putting  these  measurements  in  terms 
of  each  other,  there  arises  the  question, — what' standard  should  be 
taken?  Why  should  any  one  of  the  above  be  chosen  rather  than 
another? 

The  standard  here  used  has  not  been  employed  before,  but  ap- 
pears to  the  writer  to  be  the  most  logical.  The  measurements 
are  expressed  in  terms  of  energy,  that  is,  as  a  bolometer  or  other 
radiation  meter  would  give  them.  As  will  be  seen,  not  only  do 
we   so   free   ourselves    from    any    one   artificial    illuminant,    but 
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some  of  the  most   important  relations  of  light  and  color  with 
other  phenomena  are  brought  out. 

In  order  to  so  express  existing  measurements  it  is  necessary 
to  know  the  energy  distribution  of  the  comparison  standards. 
'  The  Hefner  lamp,  probably  the  most  definite  in  color  of  any  flame 
-standard,  has  been  found  by  Angstrom  and  Leder  to  agree 
visually  with  a  complete  radiator  or  black  body  at  a  temperature 
of  1,830°  absolute.  We  may  by  using  the  Wien-Planck  equation 
calculate  this  distribution  of  energy.  A  flat  acetylene  flame  has 
been  found  by  Dr.  E.  P.  Hyde  to  agree  visually  in  color  with  a 
black  body  at  about  2,330°  absolute.  This  checks  closely  with 
direct  comparisons  made  with  a  Hefner  by  the  writer,  taking 
the  mean  of  results  from  several  acetylene-Hefner  ratio  closely 
that  obtained  by  other  observers.  The  acetylene  flame  not  being 
a  fixed  thing,  as  is  the  Hefner,  this  transformation  to  energy 
units  is  subject  to  a  small  uncertainty,  for  in  no  case  have  the 
actual  flames  used  been  matched  against  a  black  body.  The 
error,  however,  will  amount  to  a  very  few  per  cent,  at  the  ends  of 
the  spectrum.  The  relation  of  the  other  standards  that  have 
been  used,  to  these  two,  has  either  been  determined,  or  can 
be  estimated  fairly  closely  so  that  we  can  use  nearly  all  the  day- 
light measurements  which  have  been  published. 

Proceeding  now  to  the  results  of  expressing  the  available 
measurements  on  one  scale,  in  Fig.  i  are  plotted  the  energy  curves 
of  the  Hefner,  and  of  acetylene,  while  the  various  points  across 
the  middle  of  the  figure  are  clear  sunlight  values  as  obtained 
from  the  spectrophotometric  work  of  Koettgen  (Hefner), 
Koenig  (gas),  Vogel  (petroleum),  and  the  present  writer  (acety- 
lene) each  indicated  by  a  dififerent  symbol.  The  observations  are 
plotted,  according  to  the  usual  convention  where  quality  and  not 
relative  intensity  is  in  question,  with  all  the  curves  crossing 
in  the  yellow  at  0.59  ix  at  the  value  unity.  The  process  of  chang- 
ing the  basis  of  comparison  is  a  serious  one  with  most  of  the 
observations,  because  irregularities  in  the  observed  points  are 
greatly  magnified.  The  effect  has  been  to  make  some  of  the 
points  appear  to  lie  on  far  from  smooth  curves. 

Inspection  of  these  values  for  sunlight  shows  a  very  fair 
agreement  in  their  general  position.  It  will  be  observed  that 
the  mean  of  all  the  measurements  lies  nearly  long  a  curve  with 
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its  maxiumum  near  the  middle  of  the  spectrum.  The  true  char- 
acter of  sunHght  through  the  earths  atmosphere  is  made  more 
evident  when  we  plot  the  energy  curve  of  a  black  body  at  5,000° 
absolute.     This  is  the  full  line  shown  through  the  midst  of  the 


Fig.  I. 

observed  points,  and  it  is  clear  that  this  represents,  about  as  close- 
ly as  any  line  that  could  be  drawn,  the  true  average  of  the  sun- 
light energy  distribution  as  derived  through  spectrophotometric 
means.  This  distribution  agrees  closely  in  its  maximum  point 
and  general  character  with  the  directly  obtained  energy  distri- 
bution as   found  by  Langley  for  high  sun,   and  this  agreement 
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serves  as  evidence  that  the  observations  and  methods  here  em- 
ployed are  correct.  The  point  of  significance,  which  has  been 
pointed  out  by  Nichols,  is  that  this  energy  curve  has  practically 
the  same  maximum  of  sensibility  of  the  human  eye,  as  deter- 
mined by  Koenig. 

Taking  up  next  measurements  of  clear  blue  sky,  we  have  at 
our  disposal  measurements  of  Koettgen,  against  the  Hefner; 
Vogel  against  petroleum  (which  in  turn  has  been  compared  with 
the  Hefner  by  Koettgen)  ;  Nichols  and  Franklin,  against  a  ''nor- 
mally burning  carbon  lamp,"  which  is  here  assumed  to  be  a  "4- 
watt"  lamp,  whose  energy  distribution  is  taken  from  figures  by 
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the  writer,  comparing  it  with  acetylene ;  Crova,  against  a 
Carcel,  assumed  here  as  practically  equivalent  to  the  Hefner, 
and  two  sets  of  observations  by  the  writer,  one  against 
acetylene,  the  other  against  the  Hefner.  The  observations  of 
Crova,  it  should  be  remarked,  although  numerous,  are  nearly  al! 
for  only  three  points  near  the  middle  of  the  spectrum.  His 
average  value,  from  numerous  observations,  is  well  represented 
by  the  two  sets  here  used,  which  were  carried  further  toward 
red  and  blue.     We  should  expect  these  clear  sky  observations 
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to  be  more  scattered  than  those  sunlight,  partly  because  of  the 
uncertainty  in  the  true  energy  values  of  several  of  the  compari- 
son sources,  and  partly  because  there  is  more  chance  for  varieties 
of  clear  blue  sky,  depending  on  altitude,  than  on  clear  noon 
sunlight.  Nevertheless  the  general  character  of  blue  sky  light 
is  unmistakable,  and,  as  we  should  expect,  consists  in  an  energy 
distribution  much  stronger  in  the  shorter  wave-lengths  than  is 
clear  noon  sunlight.  When  plotted  in  terms  of  energy,  a  common 
feature  of  nearly  all  the  observations  is  a  drop  in  the  deep  blue  or 
violet.  This  has  been  noticed  by  Abney  and  by  Nichols,  but  is 
not  usually  evident  when  the  values  are  plotted  in  terms  of  the 
ordinary  yellow  artificial  sources. 

Before  considering  the  color  of  the  low  sun,  a  few  observa- 
tions are  available  on  those  skies  called  cloudy  or  overcast.  In 
Fig.  3  are  plotted  observations  by  Koettgen,  Vogel,  and  Nichols 
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and  Franklin,  on  such  skies.  These  observations  are  compara- 
tively few  in  number  and  show  a  range  from  near  the  clear  sun- 
light value  up  toward  the  blue  sky  value.  Overcast  skies  prob- 
ably at  times  drop  considerably  below  the  clear  sun  value  in  the 
blue,  since  they  owe  their  light  principally  to  the  sun,  and  this 
when  low  is  considerably  yellower  than  at  noon. 

Abney 's  observations  on  the  change  of  color  of  sunlight  by 
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passage  through  various  thicknesses  of  the  atmosphere  are  given 
diagrammatically  in  Fig.  4.  These  curves  shov^  that  the  light 
of  the  sun  varies  as  much  toward  yellow  for  low  elevations  as 
does  the  sky  toward  blue. 

By  reducing  all  the  available  spectrophotometric  determina- 
tions of  sun  and  sky  light  to  terms  of  radiated  energy,  it  is  there- 
fore found  that 

1.  Clear  noon  sunlight  in  summer  corresponds  closely  to  the 
energy  determination  of  a  black  body  at  5,000°  absolute,  this 
result  agreeing  with  direct  bolometric  measurements. 

2.  Clear  blue  sky  averages  twice  as  much  energy  in  the  blue 
(A  4,500)  as  does  clear  sunlight,  for  equal  intensity  in  the  yel- 
low  (A  5,900). 

3.  Cloudy  skies  vary  from  near  clear  blue  to  clear  sun,  and 
probably  below  the  latter  in  the  blue. 

4.  The  light  of  the  sun  at  low  altitudes  shows  a  deficiency  in 
blue  similar  to  the  excess  in  blue  of  the  clear  sky. 

The  evidence  from  spectrophotometric  results  indicates  the 
probable  correctness  of  the  a  priori  reasoning  that  clear  noon 
sun  is  a  mean  daylight,  the  blue  light  of  the  sky  representing 
the  extent  of  variation  from  this  mean  on  one  side,  the  color  of 
the  low  sun  the  other  extreme,  clouds  and  mist  varying  between 
these  extremes  depending  on  their  relative  illumination  by  sky  and 
sun. 

We  are  now  in  a  position  to  discuss  the  choice  of  an  **aver- 
age"  daylight  between  those  extremes.  Where  should  it  be 
chosen?  Perhaps  by  making  a  large  number  of  measurements 
extending  over  a  long  period  we  could  obtain  a  mean  which 
would  be  a  reliable  average.  But  even  if  we  had  many  measure- 
ments our  value  would  depend  on  how  we  weighted  the  observa- 
tions. For  instance  should  we  consider  sunlight  or  skylight  as 
most  typically  ''daylight?"  Should  we  give  the  more  intense 
light  near  noon  more  weight  in  forming  an  average  than  the 
fainter  light  of  morning  and  evening? 

It  would  seem  to  the  writer  that  the  best  way  to  reach  an 
acceptable  value  for  ''average  daylight"  is  to  take  advantage 
of  the  coincidence  which  has  been  noted  between  the  maximum 
of  sensibility  of  the  eye  and  the  maximum  of  the  sun's  energy 
as  it  reaches  us  through  the  atmosphere.     If  we  grant  that  this 
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is  not  a  mere  coincidence,  but  a  result  of  adaptation,  we  have 
a  criterion  for  average  daylight  which  is  more  exact  than  could 
be  obtained  by  any  series  of  daylight  measurements,  however, 
large.  Since  this  adaptation  exists,  the  inference  is  that  the 
most  probable  average  daylight  is  that  daylight  whose  spectral 
maximum  falls  at  the  maximum  of  visual  sensibility.  In  other 
words,  the  most  efficient  daylight  is  the  average.  As  we  have 
seen  this  corresponds  to  clear  noon  summer  sunlight  (in  temper- 
ate latitudes,  where  the  measurements  quoted  were  made)  which 
in  turn  agrees  closely  with  the  visible  radiation  of  a  black  body 
at   5,000°   absolute. 

Further  discussion  of  this  value  for  "average  daylight"  will  be 
deferred  until  the  results  obtained  from  color  mixture  measure- 
ments are  considered. 

Measurements  of  various  illuminants  have  been  made  by  the 
writer,  using  the  Ives  colorimeter.  Instruments  of  this — the  color 
mixture — type  have  certain  advantages  in  measuring  illuminants. 
An  actual  match  is  made,  thus  eliminating  errors  due  to  changes 
occurring  during  measurement,  and  further,  some  spectral  dis- 
tributions which  are  very  difficult  of  measurement  by  the  spectro- 
photometer present  no  difficulties  in  mixture  instruments.  On 
the  other  hand,  like  the  eye,  they  give  no  direct  information  as  to 
the  spectral  complexity  of  the  measured  source.  The  results 
of  that  investigation  are  given  in  terms  of  the  quantity  of  red, 
green  and  blue  necessary  to  be  mixed  to  imitate  the  color  of  the 
illuminant.  The  standard  of  reference  is  an  average  daylight  ob- 
tained by  numerous  measurements  of  sky  illumination,  as  received 
through  a  west  window  on  a  white  surface.  In  these  measure- 
ments neither  zenith  blue  skies  nor  direct  sunlight  (high  or  low) 
are  included,  so  that  while  the  extremes  represented  in  the  cited 
spectrophotometric  values  are  absent,  the  average  might  be  ex- 
pected to  be  of  the  same  order  of  magnitude  as  the  spectro- 
photometric ''average  daylight." 

As  to  the  colorimeter  results  are  obtained  they  are  not  directly 
comparable  with  spectrophotometer  values.  But,  as  stated  by  the 
writer  in  presenting  the  original  measurements,  the  two  kinds 
of  measurements  should  be  reducible  to  a  common  measure, 
namely,  proportions  of  the  primary  red,  green  and  blue  sensa- 
tions.    The   red,  green  and  blue  of  the  colorimeter  are  a  par- 
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ticular  red,  green  and  blue;  another  selection  of  primaries  (red, 
green  and  blue  of  slightly  different  spectral  position)  would 
yield  different  numerical  values.  If,  however,  we  know  the 
amounts  of  the  primary  red,  green  and  blue  sensations  repre- 
sented by  each  of  the  instrument  primaries,  we  can  transform  the 
results  into  sensation  values.  All  color  mixture  results  should 
thus  reduce  to  the  same  absolute  figures.  Similarly,  knowing 
the  sensation  values  at  each  point  in  the  spectrum  it  should  be 
possible  to  express  spectrophotometer  measurements  in  sensa- 
tions. The  two  sets  of  measurements  of  the  same  lights  against 
the  same  standard  should  therefore  check,  or  conversely,  hav- 
ing measurements  of  the  same  sources  against  two  standards, 
we  should  be  able  to  compare  those  two  standards. 

To  reduce  the  colorimeter  screens  to  primary  sensation  val- 
ues two  sets  of  sensation  curves  were  available,  namely  those  of 
Abney,  and  of  Koenig  as  modified  by  Exner.  These  differ  con- 
siderably, and  in  order  to  determine  which  appeared  best  to  fit 
the  colorimeter  conditions  a  rather  lengthy  investigation  has  been 
carried  out.  This  consisted  in  preparing  a  number  of  color 
screens  of  various  hues  and  purities,  measuring  them  on  the 
spectrophotometer  and  determining  their  sensation  values  from 
the  two  sets  of  sensation  curves.  Similar  measurements  were 
made  on  the  colorimeter  screens.  Then  the  color  screens  were 
measured  with  the  colorimeter,  by  sunlight;  and,  by  using  the 
two  different  values  for  the  colorimeter  screens,  the  sensation 
values  were  derived.  These  were  then  compared  with  the  sen- 
sation values  obtained  through  the  spectrophotometer.  It  was 
found  beyond  question  that  the  sensation  curves  as  determined 
by  Koenig  were  a  much  nearer  approach  to  the  truth  than  those 
by  Abney.  Close  agreement  was  found  between  the  sensation 
values  derived  through  the  spectrophotometer  and  through  the 
colorimeter  with  the  Koenig  values.  Certain  discrepancies  re- 
main, partly  no  doubt  instrumental,  others  due  to  changes  which 
take  place  in  the  sensation  curves  when  the  working  illumination 
is  greatly  altered  from  that  at  which  the  curves  were  deter- 
mined. It  is  therefore  now  possible  to  transfer  the  colorimeter 
measurements  to  primary  sensation  values  with  assurance  that 
the  results  are  not  far  from  correct. 
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Using  sunlight  illumination,  the  colorimeter  screens  have  the 
following  sensation  values. 

Red  sens.  Green  sens.  Blue  sens. 

Red  screen 40.6  11. 5  0,0 

Green  screen    50.0  86.6  12.7 

Blue  screen  9.4  1.9  87.3 

100. o  loo.o  100. o 

Using  a  tungsiten  lamp  as  the  source  behind  the  colored 
glasses  of  the  colorimeter,  a  slight  shift  of  hue  takes  place. 
In  the  instrument  used,  a  faint  band  of  green  transmission  in 
the  blue  screen  (removed  in  later  instruments)  caused  a  further 
change  of  hue  in  the  blue  screen.  This  makes  the  sensation 
values  of  the  screens  in  the  instrument  quoted : 

Red  sens.  Green  sens.  Blue  sens. 

Red  screen 37.0                10.8  0.0 

Green  screen 45.7                76.7  7.1 

Blue  screen 17.3                12.4  92.9 

lOO.O  loo.o  loo.o 

Using  these  values  we  are  in  a  position  to  compare  the 
average  daylight  of  the  colorimeter  measurements  with  the  aver- 
age daylight  which  our  reasoning  above  would  indicate  prob- 
able from  spectrophotometric  values  and  physiological  consid- 
erations. A  tungsten  lamp  at  1.58  w.p.s.c.  was  measured  against 
acetylene  with  the  spectrophotometer.  Using  as  "white"  the 
radiation  curve  of  the  black  body  at  5,000°  absolute,  the  color 
sensation  values  for  this  lamp  were  derived  from  Koenig's  sen- 
sation curves.     These  were,  expressed  so  that  their  sum  100, 

Red  sens.  Green  sens.  Blue  .sens. 

47.9  4'-I  II. O 

The  colorimeter  readings  on  the  same  lamp,  in  terms  of 
"average  daylight,"  as  preserved  by  measurements  on  certain 
incandescent  lamps,  were 

Red  Green  Blue 

61.4  31-7  69 

These  reduced  to  sensations  by  the  use  of  the  figures  given 
above  yield 

Red  sens.  Green  sens.  Blue  sens. 

48.7  405  10.9 

In  short  we  find  the  average  daylight  of  the  colorimeter 
measurements  to  be  practically  identical  with  the  average  day- 
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light  we  found  reason  to  believe  probably  correct  from  the  spec- 
trophotometric  measurements,  and  by  consideration  of  the  sen- 
sibility curve  of  the  eye.  This  agreement  is  indeed  better  than 
could  be  reasonably  expected,  since  the  colorimeter  standard 
was  not  a  weighted  mean,  and  as  stated  above,  did  not  include  the 
extremes  of  daylight,  zenith,  blue  sky,  and  low  sun.  There 
should  have  been  agreement  as  to  the  order  of  magnitude,  but 
a  bluer  or  yellower  hue  for  the  colorimeter  standard  would  not 
have  been  surprising. 

Now  although  this  very  satisfactory  agreement  exists  be- 
tween the  color  mixture  values  and  the  spectrophotometer  values 
quoted,  there  are  some  measurements  by  Prof.  E.  L.  Nichols 
on  the  zenith  sky,  from  which  he  has  derived  an  "average  day- 
light" in  terms  of  the  acetylene  flame.  These  constitute  prob- 
ably the  largest  series  of  such  measurements  so  far  made  and 
were  highly  instructive  in  calling  attention  to  the  great  difference 
between  day  and  artificial  light  colors.  As  was  forecasted  by 
the  present  writer  in  the  original  presentation  of  the  colorimeter 
measurements.  Prof.  Nichols'  values  agree  neither  with  these 
nor  with  the  spectrophotometric  results  of  other  observers.  The 
amount  of  the  discrepancy  is  shown  in  Fig.  i,  where  Nichols' 
"average  daylight"  is  shown  on  the  same  scale  as  the  other  ob- 
servations. It  will  be  seen  that  it  corresponds  to  a  daylight  much 
yellower  than  the  clear  sunlight  of  the  observers  quoted,  and  ex- 
ceedingly yellow  as  compared  with  their  blue  skies,  correspond- 
ing in  fact  to  a  low  sun.  Were  this  a  true  average  daylight,  it 
would  mean  that  the  maximum  of  energy  radiation  in  daylight 
lies  at  the  extreme  red  limit  of  the  visible  spectrum,  and  is 
therefore  very  far  from  the  maximum  of  sensibility  of  the  eye. 
This  is  a  conclusion  which  should  be  accepted  only  after  very 
thorough  proof. 

There  are  various  possible  explanations  of  this  difference. 
In  view  of  the  large  number  of  measurements  included  in  the 
set  it  might  happen  that  the  straight  mean  taken  gave  too  much 
weight  to  cloudy  skies  illuminated  by  the  low  sun.  This  ex- 
planation is,  however,  hardly  tenable,  for  if  we  take  the  bluest  ze- 
nith sky  measured  by  Nichols,  "at  sea,"  plated  in  Fig.  2,  we 
see  that  it  is  not  only  very  much  less  blue  than  any  measured  by 
other  observers, — only  about  one-eighth  as  much  energy  in  the 
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extreme  blue  as  the  average  of  these, — but  much  less  blue  than 
their  clear  values.  This  would  mean  that  a  clear  blue  sky 
could  be  much  yellower  than  clear  sunlight.  It  would  seem 
therefore  that  Nichols'  values  are  all  too  small  in  the  blue. 
\^ariations  in  the  quality  of  the  acetylene  flame  might  account 
for  some  of  this  difference  but  these  variations  have  not  been 
observed  to  be  greater  than  a  few  per  cent,  at  the  ends  of  the 
spectrum.  The  true  explanation  probably  lies  in  some  instru- 
mental or  observational  errors,  such  as  the  presence  of  scat- 
tered light  in  the  spectrophotometer,  which  would  cause  the  com- 
parison source  and  measured  light  to  appear  nearer  alike.^ 

Rejecting  therefore  the  ''average  daylight"  of  Nichols,  we  have 
the  evidence  from  the  spectrophotometric  observations,  from 
color  mixture  measurements,  and  from  the  sensibility  of  the 
eye,  that  "average  daylight"  corresponds  closely  to  the  light  of 
a  black  body  at  a  certain  temperature.  This  black  body  tem- 
perature is  that  at  which  the  maximum  of  energy  radiation 
corresponds  to  the  maximum  of  sensibility  of  the  eye,  in  other 
words,  the  black  body  whose  visible  radiation  is  the  most  effi- 
cient. This  temperature  is  about  5,000°  absolute.  The  fact 
that  the  eye  permits  large  variations  in  the  hue  of  a  light  while 
still  calling  it  "white"  warrants  us  in  making  this  definition  inter- 
changeably that  of  "average  daylight"  or  "white  light." 

It  may  be  noted  in  passing  that  the  efficiency  of  this  black 
body  as  a  light  producer  is  within  two  or  three  per  cent,  of 
that  of  the  most  efficient  possible  black  body,  which  as  the 
writer  has  shown  in  a  recent  paper^  is  probably  about  6,000° 
absolute.  The  fact  that  the  higher  temperature  more  of  the 
total  energy  is  shifted  into  the  visible  spectrum  accounts  for 
the  fact  that  the  most  efficient  black  body  is  not  the  one  whose 
maximum  of  radiation  corresponds  exactly  to  the  maximum  of 
visual  sensibility,  and  makes  clear  the  reason  for  the  word 
"visible"  in  our  definition  "the  black  body  whose  visible  radia- 

'  In  a  letter  to  the  writer  in  regard  to  the  discrepancy  between  his  measurements  and 
those  here  quoted,  Prof.  Nichols  says  "A  likely  source  of  error  is  to  be  found  in  the 
presence  of  stray  light  in  the  spectrum,  as  the  measurenient.s  of  the  sky  which  I  made 
were  not  primarily  intended  for  this  purpose  of  determining  the  relation  between  its 
spectrum  and  that  of  acetylene.    .    .  Many   of  the   measurements  were   made  out  of 

doors  under  conditions  in  which  the  absolute  screening  away  of  daylight  from  the  com. 
parison  spectrum  with  the  apparatus  which  I  had  was  impossible." 

2  See  niuminating  Engineering  Society,  Philadelphia  Section,  January,  1910. 
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tion  is  most  efficient."  It  is  not  beyond  possibility  that  further 
knowledge  of  the  sensibility  of  the  eye  and  of  black  body  radia- 
tion will  show  that  the  error  would  be  negligible,  if  indeed  any 
exists,  if  we  adopted  as  the  definition  of  white  light  simply  "the 
light  of  a  black  body  at  its  highest  efficiency." 

The  standard  of  white  or  daylight  being  established  we  are 
in  a  position  to  find  the  place  of  artificial  illuminants  with  re- 
spect to  it.  We  may  express  the  color  relationship  of  these  to 
white  either  by  spectrophotometric  measurements  or  in  terms  of 
the  three  primary  sensations.  These  latter  may  be  obtained  from 
the  spectrophotometric  data  by  applying  Koenig's  sensation  curves, 
or,  because  of  the  coincidence  of  the  colorimeter  standard  with 
the  standard  here  derived,  the  sensation  values  may  be  obtained, 
as  indicated  above,  from  the  colorimeter  values,  with  a  fair  de- 
gree of  agreement  between  the  two.  In  certain  cases,  where 
the  illuminants  have  discontinuous  spectra,  measurement  with 
the  spectrophotometer  is  practically  impossible,  and  has  little 
meaning  when  obtained.  Such  are  the  flame  arc,  the  mercury 
arc,  the  Moore  tube. 

In  the  appended  table  are  given  spectrophotometric  data  on  a 
number  of  illuminants,  and  color  values  expressed  in  terms  of 
color  sensations,  red,  green,  and  blue.  The  spectrophotometric 
figures  are  from  measurements  made  by  the  writer  at  the  Bureau 
of  Standards  for  the  Union  Carbide  Sales  Co.,  and  used  here 
by  their  permission.  The  s^tandard  lof  comparison  was  an 
acetylene  flame  (the  center  portion  of  the  flame  from  a  foot  Von 
Schwartz  burner),  and  the  values  for  blue  sky  for  clear  sun 
obtained  in  that  investigation  have  been  incorporated  with  the 
others  used  to  obtain  the  average  values  of  these.  The  values 
at  the  different  wave  lengths  are  expressed  in  terms  of  energy,  as 
discussed  above,  the  acetylene  flame  being  assumed  equivalent 
in  the  visible  region  to  a  black  body  at  2,330°  absolute  as  cal- 

\  —  J 

culated  from  the  Wien-Planck  formula  E  = .     The 
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Hefner  figures  are  also  black  body  values  for  a  temperature  of 
1,830° ;  the  white  or  daylight,  for  a  temperature  of  5,000°. 
The   sensation  values  are  given   in   such   manner  that   the   sum 
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of  the  three  values  equals  unity.  Where  both  spectrophotometer 
and  colorimeter  values  exist  the  sensations  as  derived  from 
each  are  given,  the  colorimeter  values  in  italics,  from  which  the 
degree  of  agreement  from  the  two  methods  may  be  seen.  It 
must  be  borne  in  mind  that  the  actual  sources  measured  were 
not  usually  the  same,  so  that  some  differences  are  to  be  expected 
on  this  score,  others  are  due  to  the  difficulties  inherent  in  ob- 
taining figures  by  two  entirely  different  methods,  in  the  present 
state  of  the  process  of  measuring  color. 

In  Fig.  5  are  plotted  the  spectrophotometric  values  as  curves. 


crossing  at  0.59  /x  according  to  the  usual  convention  where  quality 
and  not  relative  total  intensity  is  in  question.  In  Fig.  6  are 
given  the  sensation  values  (mean  values  from  the  two  methods) 
in  the  form  of  a  color  triangle,  at  the  center  of  which  is 
white,  while  the  red,  green  and  blue  sensations  lie  at  the  corners. 
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In  this  the  distance  of  a  source  from  the  center  is  a  measure  of 
its  approximation  to  white.  The  natural  illuminants  are  repre- 
sented with  circles  around  the  position  giving  points. 

A  few  words  of  comment  will  not  be  out  of  place.  From 
the  spectrophotometric  curves  it  is  clear  that  the  majority  of 
artificial   illuminants  vary    from  white   in   the  direction  of  less 


Fig-.  6. 


blue  and  more  red.  They  are  in  fact  nearly  all  yellow.  The 
color  triangle  representation  shows  the  same  characteristic.  Many 
of  the  more  usual  illuminants  lie  far  from  the  center  in  the 
direction  of  yellow,  or  away  from  the  blue.  To  this  there  are 
several  exceptions.  The  carbon  arc,  the  mercury  arc,  and  the 
carbon  dioxide  vacuum  tube  are  not  farther  from  the  center 
than  are  some  of  the  varieties  of  daylight.  The  carbon  arc 
is  by  far  the  nearest  white  of  the  incandescent  solid  illuminants, 
although  its  hue  is  decidedly  toward  yellow.  As  to  the  mercury 
arc,  it  should  be  carefully  borne  in  mind  that  the  figures  here 
give  the  color  of  the  light  itself,  or  the  color  of  a  white  sur- 
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face  illuminated  by  it.  The  fact  that  there  is  no  red  in  this  light 
is  only  apparent  upon  viewing  objects  under  its  illumination. 
The  resultant  green  effect  gives  a  very  general  impression  that 
the  light  itself  is  green,  although  it  is  not.  Of  all  the  artificial 
illuminants  the  ]\Ioore  carbon  dioxide  tube  lies  nearest  to  the 
average  daylight  here  adopted.  From  the  color  triangle  it  is  seen 
that  it  lies  between  the  average  of  blue  skies  measured  by  the 
colorimeter  and  by  the  spectrophotometer.  It  is,  therefore, 
somewhat  bluer  than  clear  sunlight  (which  we  found  reasons 
for  believing  an  average  daylight)  but  not  as  blue  as  the  blue- 
est  blue  skies.  Owing  to  the  nearly  continuous  character  of  its 
spectrum,  its  color  value  as  an  illuminant  as  well  as  its  actual 
color  are  properly  represented  by  it?  position  in  the  triangle. 

A  dotted  line  drawn  in  the  triangle  gives  the  color  of  the 
black  body,  or  an  incandescent  solid  for  temperatures  up  to 
7,000°  absolute.  Along  this  curve  lie  nearly  all  the  artificial 
illuminants.  Those  whose  radiation  in  the  visible  spectrum  is 
selective,  or  different  from  black  body  radiation  of  course  lie 
away  from  it.  Thus  the  carbon  arc  is  to  one  side  because  of  the 
blue  or  violet  of  the  arc  itself ;  the  Welsbachs  lie  above  because 
of  their  larger  amount  of  green ;  the  flame  arc,  whose  light  is 
only  very  little  due  to  the  incandescence  of  a  solid,  lies  far  from 
this  curve ;  the  carbon  dioxide  tube  coincides  closely  with  the 
light  of  a  black  body  at  6,000°  absolute. 

A  point  of  interest,  which  can  only  be  mentioned  here  but 
would  appear  to  bear  some  study,  is  this, — the  eye,  being  ac- 
customed to  light  produced  by  incandescent  solids,  seems  to 
notice  less,  and  to  take  less  offence,  at  illuminants  varying  from 
white  as  incandescent  solids  do  than  if  they  vary  in  other  ways. 
We  quickly  feel  the  green  tinge  of  a  Welsbach  or  the  ruddy  hue 
of  the  flaming  arc,  but  a  color  change  quite  as  great  as  from  one 
of  these  to  the  incandescent  solid,  if  it  consists  in  changing  from 
one  incandescent  solid  color  to  another,  does  not  seem  to  give 
an  impression  of  a  prevailing  color  tinge.  If  this  phenomenon  of 
sensation  is  real  it  indicates  that  one  criterion  for  a  satisfactory 
illuminant  would  be  that  it  should  lie  close  to  or  preferably 
upon  the  black  body  color  curve.  To  this  criterion  should,  of 
course,  be  joined  the  one  that  has  been  made  evident  by  con- 
sideration of  the  mercury  arc,  namely  that  its  spectrum  should 
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be  practically  continuous  in  order  that  its  color  shall  truly  rep- 
resent its  effect  as  an  illuminant. 

With  these  figures  the  purpose  of  the  present  paper  is  fulfilled. 
A  standard  of  daylight  color  value  has  been  obtained,  and  with 
this  most  of  the  artificial  illuminants  in  common  use  have  been 
compared,  using  the  two  methods  of  color  measurement  by  which 
data  have  been  obtained.  The  result  has  been  to  show  the  ex- 
tent of  the  color  difference  existing  between  that  daylight  to 
which  the  eye  is  best  adapted,  and  the  commonest  illuminants. 
The  many  variables  in  the  problem  have  made  necessary  in  places 
the  exercise  of  judgment  rather  than  the  direct  use  of  measure- 
ments, the  discarding  of  some  values,  and  the  weighting  of  others 
by  consideration  of  other  than  strictly  physical  factors.  It  is 
believed,  however,  that  the  results  are  trustworthy  to  a  degree 
such  that  they  may  be  accepted  as  representing  substantially  the 
facts.  Upon  them  it  should  be  possible  for  the  physiologist  or 
other  investigator  interested  in  the  specific  effects  of  color  in 
illuminants  to  base  his  work. 
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A  paper  presented  at  a  meeting  of  the  New 
York  Section  of  the  Illumuiatin  g  Engineering 
Society,  Ma^ch  77,  igio. 


A  STANDARD  FOR  COLOR  VALUES— THE  WHITE 

MOORE  LIGHT. 


BY  D.   MCFARI^AN    MOORE. 


That  the  problem  of  how  to  obtain  an  artificial  light  entirely 
suitable  for  matching  all  colors  at  night  has  been  solved  for  some 
time  past  is  just  beginning  to  receive  wide  recognition.  The 
passage  of  an  electric  current  through  rarefied  carbon  dioxide 
in  a  glass  tube  produces  a  form  of  light  the  spectrum  of  which 
causes  all  olDJects  illuminated  by  it  to  have  the  identical  shades 
of  color  they  would  possess  under  average  diffused  daylight. 
Again  I  assert  that  so  far  as  the  reproduction  of  daylight  color 
values  are  concerned,  nothing  further  need  be  desired ;  and  for 
this  purpose  the  Moore  COo  light  should  be  promptly  adopted 
by  all  suitable  scientific  societies  as  the  standard. 

The  hope  of  obtaining  any  other  standard  source  of  color 
than  from  some  form  of  light  is  dismissed  as  wholly  imprac- 
ticable and  unscientific.  Secondary  standards  of  color  are  com- 
mon ;  for  example,  in  the  paint  industry,  but  accurate  reproduc- 
tion is  impossible.  Light  is  the  source  of  color.  It  is  composed 
of  ether  waves  of  different  lengths  which  cause  the  retina  to 
have  different  sensations.  Therefore,  r^  standard  source  of  col- 
ors should  be  a  form  of  light.  In  other  words,  every  color  of  an 
object  we  wish  to  see  properly  must  be  illuminated  by  a  source 
of  light  containing  wave-lengths  corresponding  to  every  color. 

Since  it  is  believed  that  the  final  culmination  in  the  evolution 
of  artificial  light  production  will  result  in  an  almost  universal 
use  of  light  sources  having  daylight  color  values,  it  is  important 
to  record  the  various  steps  in  this  direction  up  to  the  present 
time.  Carefully  tracing  the  evolution  of  all  forms  of  light  from 
remote  ages  down  to  the  present  time,  particularly  as  regards 
color,  clearly  proves  that  electric  light  from  carbonic  acid 
gas  is  a  natural  sequence  and  that  the  times  are  now  ripe  for  it. 
Ancient  history  indicates  that  man  has  always  attempted  to  in- 
vade the  domain  of  night. 
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Although  the  Greeks  and  Romans  were  far  advanced  in  many 
branches  of  science,  nevertheless  their  reddish  flickering  torches 
and  crude  yellow  smoking  oil  lamps  were  the  limits  of  their  at- 
tainments in  artificial  illumination,  as  indicated  by  Pliny  and 
Homer. 

At  Cambridge  University,  Sir  Isaac  Newton  first  revealed  the 
true  nature  of  color.  It  is  to  be  noticed  that  as  timie  has  advanced 
the  various  forms  of  light  have  become  whiter.  Indeed  to-day 
the  procession  is  still  with  us,  and  we  can  easily  pass  from  the 


"^ 


Fig.  I. 

light  of  the  open  fire  place  to  the  candle,  to  the  ordinary  oil 
lamp,  to  the  gas  lamp,  to  the  carbon  incandescent,  to  the  Wels- 
bach,  to  the  Nernst,  to  the  tungsten,  to  the  acetylene,  to  the 
arc  lamp,  and  with  some  assurance  of  finality,  as  regards  repro- 
ducing the  colors  of  daylight — the  Moore  vacuum  tube. 

In  1894,  after  constructing  a  number  of  new  forms  of  what 
I  designated  as  "vacuum  tubes,"  and  filling  them  with  rarefied 
CO2,  I  made  the  claim  that  in  my  experimental  dark  room  objects 
had  more  nearly  their  daylight  appearance  than  under  any  other 
light.  I  repeated  this  claim  for  the  color  qualities  of  my  white 
tubes  in  a  paper  presented  to  the  A.  I.  E.  E.,  April  22,  1896,  and 
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illuminated  by  means  of  several  dozen  7-foot  vacuum  tubes  the 
entire  meeting  hall  as  shown  in  Fig.  i.     It  was  the  first  lighting 


Fig.  2. 


ever  accomplished  with  proper  color  values.  The  following 
month  at  the  first  New  York  Electrical  Show  at  the  Grand  Cen- 
tral Palace  my  claims  were  corroborated  by  spectroscopic  tests 
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of  Dr.  W.  H.  Birchmore,  who  also  stated  that  the  spectrum  of 
these  special  electrodeless  tubes  should  be  called  continuous. 

Examinations  with  like  results  were  also  made  by  Mr.  Joseph 
Wetzler,  Mr.  Nelson  W.  Perry,  and  Pi  of.  W.  A.  Anthony.  In 
1898  many  thousands  witnessed  the  lighting  of  the  "Moore 
Chapel"  (Fig.  2)  at  Madison  Square  Garden,  by  means 
of  vacuum  tubes  operated  from  a  rotating  vacuum  break. 
These  curved  electrodeless  8-foot  tubes  had  an  inten- 
sity of  only  y^   candle-power  per  foot.       Their  life  and  white 
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Fig.  3 


color  was  entirely  dependent  upon  the  fact  that  previous  to  the 
rarefaction  of  the  air  within  them  they  had  been  rinsed  with 
a  poor  quality  of  wood  alcohol,  the  organic  residue  of  which, 
when  acted  upon  by  the  electric  current,  gave  off  CO2.  Similar 
tubes  were  lighted  for  the  first  time  by  dynamic  currents  direct 
rthat  is  without  any  form  of  make  and  break  whatever)  on 
June  I,  1899,  in  a  laboratory  of  the  author  (Fig.  3).  In  a  re- 
port on  this  form  of  tube  in  June,  1901,  Dr.  A.  E.  Kennelly 
stated  that 
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The  color  of  the  light  resembled  that  of  diffused  daylight,  and  there 
was  a  remarkable  freedom  from  shadows,  owing  to  the  wide  distribu- 
tion of  the  lube  over  the  760  square  feet  of  floor  space.  It  was  easy  to 
read  fine  print  in  any  part  of  the  room  and  the  effect  of  the  light  was 
both  subdued  and  pleasant.  Daylight  color  values  seem  to  be  well  repro- 
duced by  this  light.  Where  a  soft  uniform  illumination  is  desired  in  close 
imitation  of  diffused  daylight,  the  Moore  system  has  a  definite  field  of 
usefulness  which  at  the  present  time  neither  the  incandescent  lamps  nor 
the  gas  lamp,  nor  the  arc  lamp  can  fill. 

To  permit  of  increasing  the  intensity  per  foot  to  3  c.p.  the  first 
tube  100  feet  long  was  constructed  January,  1902,  in  the  Newark 


Fig.  4- 


laboratory  of  the  author   (Fig.  4).     In  a  report  on  this  pioneer 

tube  in  June,  1902,  Dr.  Kennelly  stated, — 

The  illumination  was  pleasing,— the  light  is  soft  and  white.  Day- 
light color  values  seem  to  be  well  preserved  by  it  so  that  objects  ap- 
peared in  their  natural  daylight  colors. 

The  first  installation  of  the  Moore  loop  tube  system  outside 
of  the  laboratory  was  at  50  Broadway,  N.  Y.,  and  from  a  re- 
port on  this  tube  dated  August  9,  1902,  by  Mr.  Joseph  Wetzler, 
is  quoted: 


214      TRAXSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

The  light  given  out  is  of  a  soft,  white  character,  an  almost  exact 
equivalent  of  sunlight  to  the  eye,  and  colors  undergo  no  discernible 
change  as  compared  with  their  appearance  under  sunlight.  I  made  a 
test  to  determine  this  latter  property,  so  valuable  for  all  interior  illumi- 
nants.  Indeed  the  room  at  50  Broadway  has  the  appearance  of  being 
illuminated  by  north  light  on  a  bright  day. 

But  at  this  intensity  the  COo  derived  from  the  wood  alcohol 
impurities  had  a  life  as  a  gaseous  conductor  of  only  a  com- 
paratively few  hours  and  hundreds  of  other  organic  liquids 
and  solids  and  other  chemicals  were  tried.     By  far  the  best  sub- 


Fig.  5- 

stance  found  for  furnishing  the  CO2  gaseous  conductor  was 
graphitic  acid  which  was  dusted,  in  the  form  of  a  brown  pow- 
der, on  the  inner  surface  of  the  large  external  cap  electrodes 
connected  to  the  special  generator  of  about  100,000  alternations. 
A  tube  of  this  kind  installed  at  258  Fifth  Avenue,  N.  Y.,  (Fig. 
5)  in  1903  became  the  first  example  of  commercial  lighting  by 
the  use  of  a  vacuum  tube. 

In  the  report  on  the  first  year's  operation  of  this  and  other 

Moore  tubes,  Mr.  Max  Loewenthal  in  April,   1905,  stated  that: 

It    is    used    to    illuminate    high   grade    photographs    and    oil    paintings. 
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which  appear  under  it  exactly  as  they  do  in  daylight.  This  tube  sub- 
stantially proves  beyond  question  the  claim  made  by  Mr.  Moore  for 
this  light — viz.,  that  it  deserves  the  name  of  "Moore  Electric  Daylight." 

It  is  still  in  operation,  although  its  color  has  now  changed 
from  white  to  a  nitrogen  yellow. 

The  long  tube  installed  in  1904  at  No.  200  Market  Street, 
Newark,  was  the  first  to  operate  directly  from  the  alternating- 
current  street  mains,  that  is,  without  the  necessity  of  a  special 
generator,    which  was    accomplished    by    using  small    internal 


Fig.  6. 

graphite  electrodes  with  which  as  the  gas  source  graphitic  acid 
was  not  suitable,  but  rosolic  acid  after  being  slowly  heated  to 
a  condition  resembling  burned  sugar,  did  best.  The  current 
acting  on  the  electrodes  caused  the  CO2  gas  to  be  evolved  as 
needed,  but  the  tube  was  liable  to  soon  become  badly  soiled  and 
besides  it  was  subject  to  atmospheric  temperature  variations. 

In  1905  the  long  Moore  light  tube  at  1381  Broadway,  N.  Y., 
(Fig.  6)  had  its  carbon  electrodes  containing  rosolic  acid  replaced 
with  new  electrodes  without  any  chemical,  but  there  was  installed 
instead  for  supplying  the  necessary  gaseous  conductor  to  the  tube, 
a  new  automagnetic  feed  valve  and  shortly  after  a  tube  similarly 
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equipped  with  an  electromagnetic  feed  valve  was  installed  and 
is  still  in  operation  in  the  lobby  of  Madison  Square  Garden.  Its 
gaseous  conductor  is  nitrogen,  not  CO2,  but  it  is  to  be  noted 
that  the  design  of  the  Moore  light  tubes  is  such  that  if  desired 
all  kinds  of  gases  can  be  used  in  them  either  singly  or  in  com- 
bination, thereby  making  possible  a  wider  variation  in  the  color 
of  the  light  than  with  almost  any  other  illummant  known. 
That  is,  the  color  can  be  scientifically  controlled  over  wide  ranges. 
In  the  department  store  at  697  Broad   Street,   Newark,   N.   J., 


Fig.  7. 

(Fig.  7)  the  Moore  light  tube  is  located  over  the  ribbon  counter, 
and  since  it  is  automatically  fed  with  CO2  gas  it  is  the  first 
instance  of  correct  artificial  color  values  being  practically  used 
in  merchandising.  The  light  of  this  tube  was  examined  in  1906 
by  the  research  department  of  the  Illuminating  Engineer, 
which  found  that  ''as  an  approximation  to  sunlight,  it  is  remark- 
ably close."  In  a  portrait  studio  which  has  been  equipped  with 
the  white  Moore  light  it  is  stated  that  artists  working  in  water 
colors  are  enabled  to  work  by  the  artificial  light  with  exactly 
the  same  results  as  by  daylight;  and  in  a  department  store  in 
which  it  has  been  installed,  the   salesmen   state  *'it  is  equal  to 
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daylight  for  the  purpose  of  matching  colors."     And  again,  at  a 

lecture  before  this  Society  in  1907,  Prof.  H.  E.  Clifford  said : 

I    saw    one    white    tube    in    operation    and    made    some    comparisons    of 
color  and  I  must  confess  that  it  seemed  to  me  that  matching  was  just  as 
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Fig.  8. 


good  under  the  white  tubes  as  with  dayHght.  With  the  white  Hght  we 
can  match  delicate  lavenders,  etc.,  and  we  can  almost  match  colors  at  the 
red  end  of  the  spectrum  as  well. 

Since  the  automatic  feed  valves  above  referred  to  at  the  present 
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time  are  a  vital  part  of  the  standard  white  Moore  Hght,  it  is 
essential  that  they  be  described. 

Fig.  8  is  a  diagram  of  a  standard  terminal  box  for  a  Moore 
tube  about  lOO  feet  long.  The  Moore  light  is  produced  by  a 
high  voltage  discharge  through  a  gas  under  high  vacuum.  Note 
the  transformer  and  the  feed  valve  to  the  right  which  is  con- 
nected by  small  glass  tubes  to  the  glass  enclosed  graphite  ter- 
minals of  the  main  lighting  tube.  The  COo  at  about  5  lb.  pres- 
sure was  formerly  fed  to  the  top  of  the  feed  valve  from  a  tin 
tank  about  6  in.  in  diameter  and  about  i  ft.  high.  Later,  liquid 
CO2  through  a  reducing  pressure  gauge  was  used,  but  at  the 
present  time  the  CO2  is  automatically  generated  by  the  tube 
itself  as  needed. 

Fig.  9  shows  the  construction  of  this  CO2  generator  and  its 
method  of  connection  to  the  top  of  the  feed  valve  by  what  is 
called  the  chemical  connector. 

In  Fig.  10  the  curve  Y  X  indicates  the  current  characteristics 
of  the  feed  valve  action.  It  opens  and  closes  continuously  about 
once  every  minute  when  the  current  through  the  tube  has  be- 
come strong  enough  to  lift  the  displacer  and  thereby  expose  the 
minute  tip  of  the  porous  carbon  plug.-  A  small  portion  of  any 
gas  above  it  (CO^  for  example)  is  drawn  down  through  the 
pores  of  the  plug  and  into  the  lighting  tube  to  be  utilized  as  the 
gaseous  conductor  producing  the  white  light.  When  the  gas 
above  the  plug  becomes  rarefied,  atmospheric  pressure  causes  the 
hydrochloric  acid  to  rise  within  the  inner  tube  and  come  in 
contact  with  the  marble  chips  or  pressed  lozenges  of  calcium 
carbonate.  A  very  small  quantity  of  COo  gas  is  immediately  set 
free,  which  passes  over  to  the  vicinity  of  the  porous  plug  and  is 
ready  when  needed. 

The  experience  of  the  clerks  under  the  first  tube  installed  over 
the  ribbon  counter  was  very  satisfactory.  They  found  that  the 
light  from  the  Moore  tube  was  not  only  equal  to,  but  preferable 
to  that  of  day,  so  that  the  use  of  the  Moore  light  was  then 
suggested  to  the  largest  silk  dyer  in  the  world,  located  at 
Paterson,  N.  J.  Their  expert  color  matchers,  who  had  been 
brought  from  Germany  and  Switzerland  for  this  special  work, 
were  extremely  skeptical  when  first  informed  that  science  could 
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furnish  them  with  a  Hght  that  was  the  equal  of  the  best  day- 


GLfiSS     kVOOi.  . 


af/Jss  case 


QLfiii  -ruBfr 


fECD    Valve 

er 

Thc   Moo<<c    Liawr 


Xi:2-:z:2=zi3::j;cz3=:sr3=2=3=2= 


,    ,  ^  ^   ^  y   ^    ^^i-^i- 


Fig.  9. 


light,  but  which  of  course  was  always  instantly  available  and 
absolutely   uniform   in   quality.       Upon  being  thoroughly  con- 
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vinced  after  over  a  year's  rigorous  testing,  the  management 
agreed  that  there  was  most  urgent  necessity  for  such  a  stan- 
dard hght,  and  that  it  was  now  possible  for  the  first  time  to 
manufacture  with  scientific  accuracy  all  classes  of  colored  goods. 
Various  forms  of  tubes  have  been  installed  in  different 
parts  of  this  large  estabHshment,  but  comparatively  recently  a 
new  building  has  been  erected,  which  is  340  feet  long  by  250 
feet  wide.  The  major  portion  of  this  entire  floor  area  is  occupied 
by  dye  tank?.     On  one  side  of  this  building  uniformly  spaced. 
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two  color  matching  rooms  have  been  located.  When  a  work- 
man thinks  he  has  the  skein  of  silk  he  is  dipping  in  his  vat 
dyed  to  its  proper  color,  he  carries  it  to  the  color  matching  room, 
where  one  of  the  head  dyers  intently  compares  it  with  the  small 
sample  of  silk  he  has  in  his  hand  of  the  color  they  are  endeavor- 
ing exactly  to  duplicate.  Each  of  these  color  matching  rooms 
is  14  feet  long  and  9  feet  wide  and  9  feet  high.  In  all  other  in- 
stances the  interiors  of  special  color  matching  rooms  have  been 
painted  white,  but  in  the  case  of  these  two  rooms  the  experiment 
is  being  tried  of  having  their  interior  a  dead  black. 

The  results  thus  far  are  as  good  as  obtained  with  white  paint, 
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but  of  course  to  obtain  a  given  number  of  foot-candles  on  the 
working  plane  requires  about  double  the  amount  of  electrical 
energy.  On  the  ceiling  of  each  room  are  placed  two  separate 
white  light  tubes,  each  of  which  is  60  feet  long  and  1.75  in.  in 
diameter.  The  two  tubes  in  each  room  are  put  upon  different 
phases  of  the  220  volt,  60  cycle,  alternating-current  service  avail- 
able. This  practically  obviates  the  image  effect  which  can  be 
detected  in  the  light  from  either  Moore  tubes  or  arc  lamps  on 
single-phase  circuits. 

A  photograph  of  one  of  these  color  matching  rooms  is  shown 


Figf.   II. 


in  Fig.  II.  Somewhat  similar  color  rooms,  as  shown  in  Fig. 
12,  have  been  equipped  for  a  very  large  number  of  textile  con- 
cerns, so  that  the  white  tube  light  has  now  become  a  neces- 
sary adjunct  to  silk  dyeing  and  other  mdustries.  Tubes  of  this 
design  have  a  total  length  of  62  feet  and  the  standard  apparatus 
is  suitable  for  220  volts,  23  amperes,  60  cycle  alternating  cur- 
rent and  consumes  about  3  kw.  when  producing  a  light  of  an 
intensity  of  11  hefners  per  foot.     It  enables  first,  the  production 
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of  a  far  more  uniform  quality  of  goods,  and  second  the  extension 
of  the  hours  of  labor  to  all  night  and  in  all  kinds  of  weather. 
Heretofore  on  cloudy  days  and  during  the  winter  months  after 
3  or  4  o'clock,  color  matching  was  impossible  and  silk  dyeing  had 
to  come  to  a  standstill.  Now  with  the  "artificial  daylight"  the 
outside  daylight  conditions  are  not  noticed.     It  was   for  these 


tv  'A^^^^^^^<'.^^^^^^^^^^^^^^^^^^v^^^^^v^^^\^^y  ■^ ;  .\\\\v\\w^ 


^- 


rc^n/nML      box 


} T 

THC     nOORC     CLCCTffIC     LI&HT- 

— 9  rccr 


Essk 


\VA\VVV\V\\^\VVnVVVV\VV.VVVV\VVVVVVV\\V^\VV\V\VV\\V\\V\\V.\<.^ 


Fig.    12. 

reasons  that  in  June,  1906,  in  an  address  before  the  N.  E.  L.  A. 
at  Atlantic  City,  I  first  used  the  expression, — then  seemingly  im- 
possible,— "better  than  daylight."  From  the  above  it  will  be 
noted  that  for  one  reason  or  another  a  large  number  of  scientific 
men  and  engineers  of  high  standing  from  both  America  and 
Europe  have  made  investigations  or  reports  on  the  white  Moore 
light  and  in  every  case  have  pronounced  its  color  qualities  as 
most  remarkable  and  approximating  natural  light. 
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In  August,  1907,  accurate  and  exhaustive  spectroscopic  tests 
were  made  by  the  corps  of  experts  of  the  Siemans  Schuckert  Co. 
in  BerUn  under  the  direction  of  Prof.  Utzinger.  From  carefully- 
plotted  curves  he  made  the  statement  that  the  white  Moore  light 
did  not  differ  from  the  "average  daylight"  they  had  decided  upon 
by  more  than  3%.  Of  course  these  two  curves  were  under  cer- 
tain conditions  on  certain  days  almost  identical,  but  at  times 
the  carbon  dioxide  curve  was  slightly  higher  at  the  blue  end  of 
the  spectrum,  while  at  the  red  end  of  the  spectrum  it  was  slightly 
lower.  Under  these  conditions  the  two  spectrum  curves  crossed 
midway  between  the  yellow  and  the  green. 

In   a   voluminous   report   dated   October,    1907,    after   careful 

tests.  Prof.  J.  A.  Fleming  in  London  stated : 

Prior  to  the  date  of  the  inventions  of  Mr.  Moore  no  one  had  achieved 
any  such  success  by  the  employment  of  a  gas  rendered  incandescent  by 
an  electric  current  as  a  means  of  lighting.  Moreover  he  has  provided 
us  with  the  means  of  illumination  Mrhich  more  completely  than  any 
other  approximates  to  daylight  in  its  uniform  diffusion  and  power  of 
revealing  tinted  surfaces  of  bodies  in  their  natural  or  daylighi;  colors, 
while  possessing  at  the  same  time  considerable  actinic  or  photographic 
power.  I  have  found  that  a  Moore  vacuum  tube  lamp  filled  with  car- 
bonic dioxide  imitates  daylight  very  perfectly  in  its  color  revealing 
qualities,  so  that  it  is  possible  to  execute  water  color  sketches,  oil  or 
porcelain  painting  or  other  artistic  work  as  well  by  this  light  as  by 
day. 

At   the    Convention   of   this    Society   in    October,    1908,    Mr. 

Frederick  E.  Ives  said : 

It  seems  to  me  that  the  light  of  the  carbonic  dioxide  tube  comes 
nearer  to  daylight  than  that  of  any  of  the  other  artificial  illuminants 
used  in  our  tests.  My  impression  of  the  carbon  dioxide  tube  was  that 
because  of  its  steadiness  and  because  the  light  was  rich  in  blue,  it  was 
the  most  satisfactory  source  of  artificial  illumination  for  the  comparison 
of  colors  of  anything  I  had  seen,  but  my  impression  was  that  it  repre- 
sented the  color  of  a  moderately  blue  sky. 

And  again  at  the  New  York  meeting  of  November,  1908, — in 
referring  to  subsequent  tests : 

The  tube  v/as  compared  against  the  blue  sky  at  zenith  and  against 
sunlight  reflected  from  an  opal  glass.  The  light  of  the  tube  was  less 
blue  than  the  sky  at  zenith,  but  twice  as  blue  (relatively  to  the  red)  as 
the  sunlight  reflected  from  the  opal  glass ;  and  that  corresponds  to  the 
estimate  I  gave  at  Philadelphia  that  the  light  of  the  tube  corresponds 
to    a    moderately    blue    sky.     The    light    from    the    carbon    dioxide    tube 
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would  be  incomparably  better  for  matching  colors  than  the  Welsbach 
lamp,  in  fact  there  is  nothing  better.  The  light  from  an  electric  arc 
lamp  is  good  but  not  an  absolutely  fixed  standard  like  that  of  the  carbon 
dioxide  tube. 

j\Ir.  E,  L.  Elliott  also  said : 

I  believe  Mr.  Moore's  contention  that  one  could  do  no  better  in  se- 
lecting a  standard  white  light  than  to  use  his  CO2  tube.  The  light  from 
it  is  something  which  can  always  be  produced  of  invariable  quality  so 
far  as  color  is  concerned,  and  I  think  that  the  suggestion  is  a  very 
important  one. 

In  June,  1909,  a  white  Moore  light  tube  was  installed  in  the 
U.  S.  Bureau  of  Standards  in  Washington,  D.  C,  and  subjected 
to  a  series  of  tests,  resulting  in  the  official  report  signed  by  Prof. 
E.  B.  Rosa,  acting  director,  that  its  light 

Contained  lelatively  more  blue  than  the  light  from  the  sky  near  the 
horizon,  and  very  much  less  blue  than  the  light  from  the  zenith  when  the 
sky  is  clear.  It  follows  from  this  that  the  Moore  carbon  dioxide  tube 
would  be  found  to  contain  the  same  proportion  of  blue  to  red  as  the 
light  from  the  sky  at  some  altitude  between  the  horizon  and  the  zenith 
when  the  sky  is  clear,  the  particular  altitude  depending  upon  how  dry 
the  atmosphere  is  at  the  time  of  the  measurement.  In  other  words,  the 
carbon  dioxide  tube  is  nearly  the  average  of  the  light  from  the  clear 
sky,  but  as  this  varies  from  time  to  time,  according  to  the  clearness  of 
the  sky  and  the  dryness  of  the  atmosphere,  it  is  impossible  to  give  the 
value  of  average  daylight  in  exact  figures. 

At  the  convention  of  this  Society  last  fall,  Dr.   H.   E.   Ives 

stated  that 

It  is  perfectly  safe  to  say  that  the  Moore  tube  measured  in  the  Post 
Office  is  very  closely  the  color  of  the  sky  on  a  perfectly  clear  day  at 
some  point  between  the  horizon  and  the  zenith. 

A  report  of  tests  dated  December  17,  1909,  by  W.  J.  Dibdin, 

of  Bradford,  England,  says: 

The  light  produced  by  the  carbonic  acid  vacuum  was  excellent  for 
the  differentiation   of  colors. 

Fig.  13  shows  a  lumichromoscope  as  exhibited  at  the  Phila- 
delphia Electrical  Show  last  month.  Seven  varieties  of  artificial 
illuminants  were  arranged  simultaneously  to  illuminate  different 
portions  of  the  sam€  lengths  of  colored  ribbons.  Practical  re- 
sults obtained  from  lumichromoscope  tests  are  tabulated  in  Fig. 
14.  The  first  three  columns  show  just  how  the  various  forms 
of  light  change  each  of  the  three  primary  coles,  red,  green, 
and  blue. 
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Some  of  the  changes  are  very  marked.     They  can  be  divided 
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end,  changes  of  color.  In  the  practical  work  of  the  textile  in- 
dustry both  of  these  classes  or  changes  are  very  important.  How- 
ever, the  great  mass  of  the  business  is  not  confined  to  working 
with  the  three  primary  colors,  but  has  to  do  with  the  odd  shades 
of  colors  of  every  conceivable  hue,  thus  making  uniform  results 
far  more  com^plex,  and  emphasizing  the  importance  to  the  art 
of  the  great  improvement  of  having  an  absolutely  fixed  standard 
as  the  basis  for  all  color  comparison.  White  and  creams  can 
be  easily  distinguished,  as  well  as  the  close  shades  of  blue  and 
black.  In  fact  the  white  Moore  light  does  not  need  to  apologize 
for  its  lack  of  ability  accurately  to-  determine  exact  shades  of 
any  and  every  color. 

The  information  contained  in  this  table  is  of  the  kind  that 
has  proved  very  interesting  and  valuable  to  the  practical  worker 
in  colors.  It  shows  why  each  of  the  forms  of  light,  except  the 
white  Moore  light,  is  unable  to  give  practical  service  in  indus- 
tries dependent  on  color.  All  of  the  older  forms  of  illuminants 
are  chiefly  weak  in  the  blue  end  of  the  spectrum.  This  becomes 
more  pronounced  as  the  temperature  of  the  source  is  lower,  from 
the  candle  and  oil  lamp  up  to  the  Welsbach  mantle. 

Some  of  the  new  extremely  high  temperature  filaments  and 
glowers  approach  nearer  to  proper  color  values,  especially  when 
new,  than  did  their  more  moderately  heated  predecessors. 

The  Hewitt  mercury  vapor  light  is  included  in  this  table  not 
because  of  any  thought  of  its  being  seriously  considered  as  suit- 
able for  color  matching,  but  simply  to  show  to  what  extremes 
colors  are  changed  under  lights  which  have  spectrums  which 
are  almost  monochromatic.  It  changes  the  red  almost  to  blacky 
and  brown  to  a  distinct  green. 

An  ordinary  gas  flame  changes  yellow  and  orange  and  laven- 
der to  old  rose.  The  carbon  incandescent  lamp  changes  blue 
to  purple,  yellow  to  orange,  and  lavender  to  pink.  The  Nernst 
lamp  changes  green  to  a  yellowish  green,  and  lavender  to  a 
light  pink. 

The  tungsten  lamp  also  changes  green  to  a  yellowish  green, 
blue  to  purple,  yellow  to  orange,  and  lavender  to  pink. 

The  arc  lamps  cause  considerable  change  in  shades  of  color  but 
do  not  materially  change  the  kind  of  color.     All  forms  of  arc 
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lamps  up  to  the  present  time  have  failed  fully  to  meet  the  exact- 
ing requirements  of  the  large  practical  dyers.  Also  due  to  the 
feeding  of  the  arc  neither  the  spectrum  or  the  intensity  is  per- 
fectly constant. 

It  is  thus  seen  that  having  adopted  a  standard,  how  very  satis- 
factory it  will  be  to  express  the  color  of  all  other  forms  of  light 
in  terms  of  it.  The  great  variety  in  the  color  of  the  many  new 
forms  of  light  make  the  necessity  for  such  a  standard  far  more 
imperative  now  than  a  few  years  ago,  when  all  forms  of  light 
had  almost  the  same  yellow  color.  After  a  standard  has  been 
adopted  and  we  designate  the  color  of  a  certain  light  as  yellow- 
ish-white, we  will  mean  as  compared  to  the  standard  white  light. 

In  addition  to  the  long  Moore  tubes  permanently  installed  on 
the  ceiling  of  special  color  matching  rooms,  as  already  shown  in 
Fig.  12,  there  has  been  found  a  large  neld  for  smaller  and  port- 
able white  Moore  light  units.  The  standard  method  of  installing 
one  form  of  such  an  artificial  daylight  window  is  shown  in  Fig. 
15.  They  operate  on  220  volt,  60  cycle,  alternating-current  circuits 
and  consume  2000  watts.  About  0.5  of  an  ampere  flows  through 
the  gaseous  conductor.  The  1.75  in.  glass  tubing  is  bent  back 
and  forth  upon  itself  and  in  the  rear  are  located  the  electrodes 
and  feeding  apparatus. 

Fortunately  the  white  Moore  light  combines  with  its  ideal 
color  values  also  an  ideally  low  intrinsic  brilliancy  which  does  not 
outrage  the  eyes  of  the  observer,  and  therefore  when  working 
by  the  light  of  these  artificial  windows  the  eyes  of  the  color- 
matcher  are  not  inconvenienced  or  his  mind  distracted  from  his 
work.  It  is  the  only  artificial  light  that  does  not  need  a  softening 
shade  of  some  kind,  i.  e.,  the  light  is  generated  at  an  extremely 
low  intensity. 

The  very  great  importance  of  color  in  the  practice  of  the 
profession  of  illuminating  engineering  is  shown  by  the  fact 
that  there  are  invested  many  hundreds  of  millions  of  dollars  in 
industries  directly  dependent  on  color  values.  Many  of  these 
classes  of  trade  have  already  shown  their  appreciation  of  the 
very  great  advantage  of  being  able  to  obtain  a  standard  light  for 
color  values,  but  in  each  instance  their  color  experts  were  in- 
credulous  at  first,   yet  on   actual   acquaintance   with   the   white 
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Moore  light  soon  became  enthusiastic  over  its  exclusive  and  re- 
markable qualities,  and  stated  that  nothing  further  could  be  de- 
sired for  a  light  to  equal  average  daylight. 

Unless   we   have   carefully   looked   into   the   matter,   the   sur- 


Fig.   15- 


prise  is  very  great  on  learning  of  the  large  variety  of  different 
avenues  of  human  endeavor  which  have  severely  suffered  in  the 
past  from  the  caprices  of  daylight. 
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The  inevitable  result  in  each  case  is  the  discontinuing  of  the 
use  of  daylight  entirely,  depending  on  the  ideal  artificial 
light.  Its  constancy  is  now  highly  prized,  after  thorough  trials 
by  many  classes  of  business,  not  only  for  the  increased  profits 
resulting  from  its  use,  but  also  because  it  has  brought  about  an 
emancipation  from  the  continual  aggravation  due  to  daylight 
variableness. 

The  skein  silk  dyeing  and  finishing  business  has  already  been 
mentioned.  Dye  shops  using  the  white  Moore  light  run  on 
regular  schedule  and  where  desirable  operate  at  night.  Re- 
dyeing  and  the  holding  over  of  work  is  done  away  with,  thus 
effecting  considerable  economy.  Experts  dyers  say  their  work 
is  simplified  and  the  uncertainty  heretofore  existing  is  now  elimin- 
ated. The  work  at  the  looms  can  also  be  greatly  improved  by 
being  able  always  to  see  the  threads  and  the  fabric  in  their 
proper  colors. 

The  same  applies  to  looms  of  the  enormous  woolen  industry, 
as  well  as  to  its  perches  where  the  finished  cloth  is  rigorously 
inspected  and  examined  for  flaws  of  all  kinds.  The  dye  houses 
of  the  woolen  industry  are  also  very  extensive,  as  are  also  those 
used  in  connection  with  the  manufacture  of  carpets  of  all  kinds. 

In  the  manufacture  of  cotton  from  the  dye  house  and  looms  to 
the  multicolored  print  goods,  accuracy  in  colors  is  necessary, 
even  to  the  large  manufacture  of  gloves,  hosiery,  etc.,  also 
for  kids  and  fancy  leathers  for  many  purposes,  such  as  for 
automobiles,  etc. 

The  application  of  the  white  Moore  light  to  the  dyeing  of 
ostrich  feathers  is  interesting. 

Again  the  manufacture  of  wall  paper  as  well  as  the  accurate 
work  of  the  lithographer  and  color  press  printer  demands  uni- 
formity in  the  shades  of  color.  In  unlooked-for  places  the  white 
Moore  light  has  made  itself  very  useful;  for  example,  in  metal 
ware  companies  which  manufacture  small  articles  like  the  ex- 
quisitely colored  boxes  used  for  talcum  powders,  soaps  and 
numerous  other  toilet  articles.  It  may  require  an  educative  cam- 
paign of  some  years'  duration,  but  it  has  been  predicted  that 
finally  in  every  kind  of  business  but  one  kind  of  artificial  light 
will  be  used, — viz.,  the  kind  that  imitates  daylight.     As  the  fact 
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becomes  more  generally  known  that  an  absolutely  satisfactory 
light  for  all  color  purposes  is  now  available,  it  will  have  the 
effect  of  bringing  to  a  much  greater  degree  of  refinement  many 
manufactures,  such  as  paints  of  all  kinds,  and  the  china,  pottery 
and  stained  glass  industries.  Even  in  the  textile  industry  the 
manufacture  and  marketing  of  certain  classes  of  goods  much  de- 
sired has  in  the  past,  been  considered  impracticable,  because 
there  did  not  exist  a  standard  light  to  make  a  uniform  output 
possible.  In  the  mineral  world  such  a  light  is  needed  from  the 
sampling  and  inspecting  of  the  ores  at  the  mines  and  the  grad- 
ing of  pearl  buttons  up  to  determining  the  value  of  all  kinds  of 
precious  stones.  From  remote  ages  it  has  been  accepted  as  an 
unchangeable  fact  that  the  specific  value  of  a  diamond  could  be 
determined  only  by  natural  light,  but  now  for  the  first  time 
it  is  actually  possible  to  sample  all  precious  stones  with  far 
greater  accuracy  under  the  white  Moore  light  than  even  under 
daylight.  One  stone  may  have  far  greater  value  than  another 
stone  of  the  same  weight  simply  because  it  has  a  better  color, 
yet  under  the  ordinary  incandescent  lamp  all  diamonds  have  the 
same  yellowish  glint.  Heretofore  importers  have  found  it  neces- 
sary to  sort  their  diamonds  of  about  the  same  weights  with  ex- 
treme care  and  skill,  only  by  a  north  light  on  a  clear  day  under 
which  conditions  the  color  of  the  most  expensive  gems  or 
"rivers"  is  a  bluish  white,  while  the  more  common  stones  or 
"capes"  have  a  yellowish  green  color.  These  delicate  but  ex- 
tremely important  financial  differences  in  shades  of  color  are 
only  discernible  under  daylight  or  the  white  Moore  light,  which 
is  the  first  accurate  reproduction  of  average  daylight. 

Again  a  light  of  standard  color  is  needed  in  the  manufacture 
of  cigars  or  sugar,  properly  to  grade  them,  but  equally  so  it 
should  always  be  utilized  in  attempting  to  judge  the  value  of  all 
art  paintings.  The  old  masters  believed  not  in  art,  but  in  truth 
in  painting,  and  the  heighth  of  refinement  in  the  production  of 
works  of  art  will  be  not  as  in  the  past,  to  wait  for  weather  con- 
ditions propitious  for  work,  but  to  execute  the  entire  painting 
under  the  standard  light  for  colors,  and  then  since  its  spirit  is  de- 
pendent on  its  colors,  judge  it  also  under  like  conditions.  There  is 
no  longer  any  good  excuse  for  keeping  art  galleries  closed  at 


232      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

night.  One  of  the  first  apphcations  of  the  white  Moore  light  was 
to  the  photographer's  art,  it  being  recognized  that  a  subject 
could  be  better  posed  if  he  looked  perfectly  natural,  even  if  the 
natural  light  were  not  available.  Besides  this,  the  diffusive  and 
actinic  qualities  of  the  white  Moore  light  make  it  possible  to 
produce  results  equal  to  those  obtained  by  daylight,  and  of  course 
far  superior  so  far  as  uniformity  is  concerned. 

Practically  all  that  has  been  said  thus  far  concerning  some 
of  the  applications  of  the  light  of  standard  color  has  had  to  do 
with  manufacturing,  but  in  the  borderland  between  manufactur- 
ing and  reiailing  there  are  also  many  fields  of  usefulness,  such 
as  in  medicine,  the  diagnosing  of  inflamed  tissue  at  night,  and 
the  performing  of  serious  surgical  operations  with  safety. 

It  can  now  be  said  with  some  surety  that  there  is  not  an 
occupation  that  cannot  be  pursued  under  modern  artificial  illu- 
mination as  eft'ectively  as  by  daylight. 

The  sphere  of  activity  for  illuminating  engineers  as  the  mat- 
ter of  color  values  becomes  more  and  more  refined  will  become 
larger  and  larger. 

On  considering  the  retail  trade,  special  applications  for  a  cold 
white  light  suggest  themselves, — for  example  the  lighting  of  ice 
cream  saloons  and  florists'  shops,  but  in  general  it  is  logical 
to  state  that  if  the  light  of  standard  color  values  has  been 
found  an  essential  in  the  manufacture  of  goods  of  any  kind,  it 
should  also  be  equally  valuable  in  their  sale.  This  is  almost  the 
equivalent  of  saying  that  ultimately  the  public  will  demand  of 
all  storekeepers  that  they  present  their  goods  for  sale  only  under 
a  proper  light,  that  is,  one  that  will  not  misrepresent  them,  inten- 
tionally or  otherwise.  In  many  stores  the  sale  of  silks,  for  ex- 
ample, can  be  perhaps  doubled  because  the  largest  modistes  now 
order  their  buyers  not  to  purchase  except  during  the  middle 
hours  of  pleasant  days,  and  the  familiar  scene  of  a  clerk  carrying 
a  bolt  of  cloth  long  distances  to  a  window  will  rapidly  dis- 
appear. So  also  wnll  all  high  grade  tailors  and  clothing  stores 
use  the  standard  light  and  the  public  will  shortly  marvel  at  the 
enforced  patience  they  have  displayed  every  time  they  have 
made  a  purchase  late  in  the  afternoon  or  evening,  in  depending 
entirely  on  the  w^ord  of  the  merchant  as  to  whether  the  good? 
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were  blue  or  black.  One  of  the  largest  and  highest  grade  ready- 
made  men's  clothing  stores  in  this  city  today  instructs  its  sales- 
men always  to  be  sure  that  the  coat,  vest  and  trousers  of  a  suit  are 
tagged  with  the  same  number  to  be  sure  that  they  have  the  same 
color.  This  also  applies  tO'  mid-day  sales,  because  the  high  opaque 
backs  of  the  show  windows  cut  off  almost  all  of  the  natural 
light. 

Therefore,  since  large  numbers  of  practical  men  in  the  arts 
have  already  adopted  the  white  Moore  light  as  their  perfectly 
satisfactory  standard  it  behooves  this  Society  to  act  in  accord 
with  them  and  adopt  it  officially  as  the  standard  white  light,  and 
thereby  render  a  great  service  to  both  practice  and  theory. 

Too  much  imiportance  can  not  be  laid  upon  the  unanimity  of 
opinion  of  those  who  have  used  the  white  Moore  light,  es- 
pecially when  previous  experience  had  trained  them  to  be  hyper- 
critical and  very  exacting  in  their  requirements,  due  to  the  many 
claims  of  various  illuminants  for  perfect  whiteness  of  light, 
which  practical  tests  discredited. 

The  ample  time  that  has  elapsed  has  completely  vindicated  the 
writer's  early  claim  and  clearly  indicates  that  there  is  every  evi- 
dence that  great  good  would  be  accomplished  by  the  recommen- 
dation of  this  Society  that  this  light  be  adopted  as  the  standard 
for  color  values. 

Therefore  since  the  real  ideal,  daylight  in  the  shadow,  is  at 
its  best  very  variable,  and  since  the  most  painstaking  tabulations 
of  its  changeable  moods,  when  averaged,  result  in  values  for 
each  of  the  colors  of  the  spectrum,  substantially  the  same  as  those 
of  the  CO2  spectrum,  therefore  the  statement  is  warranted  that 
nothing  further  need  be  desired. 

But  in  addition  to  this  it  is  eminently  proper  that  a  practical 
Society  like  the  one  I  have  the  honor  to  address  in  this  paper, 
give  respectful  attention  and  great  weight  to  the  overwhelming 
testimony  of  those  who  have  personal  knowledge  of  the  great 
value  of  the  Moore  COo  light  in  the  commercial  arts.  Ten 
thousand  mill  operatives  have  for  the  first  time  worked  on  a 
full  schedule  during  the  dark  days  of  the  past  winter  because  of 
it.  It  is  gratifying  that  the  averaged  tabulations  of  the  scientists 
have  accorded  fairly  well  with  the  numerous  findings  of  the  ex- 
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pe'-ts  of  the  industrial  arts  because  for  an  exact  knowledge  of 
what  average  daylight  color  values  actually  are,  there  exist  no 
greater  authorities  than  they. 

The  commercial  color  matchers  of  the  world  have  already  quite 
definitely  decided  which  shades  of  color  are  correct,  and  fur- 
ther that  their  values  for  average  daylight  were  the  same  as 
those  of  the  white  Moore  light.  For  many  years  the  textile 
industry  has  been  fully  alive  to  the  distressing  changeableness 
of  natural  light.  In  several  instances  enormous  establishments 
have  been  built  up  because  they  turned  out  an  exceptionally  uni- 
form line  of  colored  silks,  for  example,  by  doing  all  of  their 
matching  only  during  the  middle  hour  of  the  day  and  only  on 
days  the  weather  of  which  closely  approached  the  standard  of 
weather  they  had  determined  upon.  The  hour  of  day,  the  clim- 
atic conditions  and  geographical  locations,  etc.,  necessarily  caused 
some  variations  in  each  concern's  idea  of  daylight,  but  now 
they  can  always  refer  to  an  ever  present  standard. 

In  fact,  there  has  already  asserted  itself  the  natural  tendency 
entirely  to  abandon  daylight  with  its  variableness  and  use  ex- 
clusively the  white  Moore  light,  which  course  appears  to  be 
inevitable. 

In  the  largest  silk  dyeing  establishment,  all  goods  are  first 
dyed  to  match  the  sample  handed  to  the  head  dyer,  under  the 
white  Moore  light,  and  then,  usually  by  adding  a  further  dye, 
are  also  made  to  match  under  an  ordinary  bat-wing  gas  jet.  But 
the  addition  of  another  dye  for  the  gas-jet  matching  must  not 
interfere  in  the  least  with  the  original  daylight  matching.  This 
is  possibly  due  to  the  fact  that  a  preponderance  or  deficiency  of 
any  color  of  a  light  will  cause  a  like  effect  in  the  goods.  In  day- 
light and  the  white  Moore  light  the  quality  of  each  color  of  the 
spectrum  is  properly  proportioned  or  balanced. 

For  example,  practical  dyers  almost  always  ask  first  when 
discussing  any  form  of  light,  whether  the  yellows  do  not  dis- 
appear, because  this  is  one  of  the  gross  defects  of  most  other 
forms  of  light  when  the  attempt  is  made  to  use  them  for  color 
matching.  Some  special  forms  of  light  like  the  intensified  arc, 
for  example,  do  fairly  well   in   some  portions  of  the  spectrum. 
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but  fail  very  badly  in  other  portions.  But  the  white  Moore 
light  covers  the  entire  spectrum  with  perfect  accuracy. 

Since  the  highest  authorities  in  the  chemistry  of  dyeing  admit 
that  up  to  the  present  time  there  is  no  generally  accepted  theory, 
governing  the  art  of  dyeing,  it  is  therefore  all  the  more  im- 
portant and  fortunate  that  there  is  available  for  adoption  a 
thoroughly  satisfactory  universal  standard  of  color  comparison. 

The  object  of  this  Society  is  to  give  equal  importance  in  the 
study  of  illuminating  engineering  both  as  to  its  practice  and  its 
theory,  and  the  practice  of  that  portion  of  illuminating  engineer- 
ing confined  to  color  has  produced  such  an  indisputable  mass  of 
evidence  that  this  body  is  amply  warranted  in  taking  suitable 
action  in  the  matter. 

Most  forms  of  artificial  light  have  at  times  been  vigor- 
ously presented  as  possessing  color  qualities  that  were  the  same 
as  natural  light,  but  much  if  not  all  of  the  acrimonious  discus- 
sions resulting  from  such  claims  could  have  been  and  can  be 
eliminated  by  first  definitely  agreeing  on  which  of  the  many 
varieties  of  natural  light  is  the  most  desirable  to  imitate.  It 
is  now  almost  impossible  for  some  of  our  younger  illuminating 
engineers  to  realize  what  it  meant  in  1894  when  I  stated  that 
diffused  daylight  was  the  ideal  light  which  we  should  try  to 
imitate  at  night,  to  be  informed  by  the  highest  authorities  that 
"a  white  or  daylight  effect  at  night  is  unnatural  and  uncanny," 
and  that  "the  natural  color  for  a  light  at  night  time  is  red."  As 
before  indicated,  the  history  of  the  color  of  all  lights  from  remote 
ages  of  antiquity  down  to  the  present  hour  indicates  a  steady 
progression  towards  the  blue  white  light  of  the  vacuum  tube, 
which,  so  far  as  color  values  are  concerned,  has  reached  the 
goal. 

In  this  paper  it  is  not  claimed  that  the  white  Moore  light 
imitates  either  direct  sunlight  or  diffused  daylight  in  all  their 
quaHties, — chemical,  biological,  optical,  invisible  radiations,  etc., — 
but  it  is  claimed  that  the  color  values  of  all  objects  appearing 
under  it  are  the  same  as  those  of  the  best  form  of  average  diffused 
daylight. 

But  what  are  average  diffused  daylight  colors  ?  They  are  not 
the  colors  an  object  has  when  exposed  to  the  direct  rays  of  the 
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sun.  We  are  dealing  with  an  interesting  practical  matter  and 
are  earnestly  endeavoring  to  reduce  our  art  of  illuminating  en- 
gineering to  a  science,  therefore  we  must  acknowledge  the  definite 
conclusion  of  the  industrial  and  commercial  world  that  the  color 
values  it  and  the  best  of  mankind  are  vitally  interested  in,  are 
those  produced  by  a  shaded  sun. 

Humanity  spends  a  very  small  proportion  of  the  total  hours  of 
its  existence  in  the  direct  rays  of  the  sun ;  and  even  if  it  desired 
thus  to  spend  a  larger  proportion  it  could  not  do  so  because  per 
year  the  total  hours  of  direct  sunshine  in  most  portions  of  the 
habitable  globe  are  very  limited.  No;  both  evolution  and  neces- 
sity make  man  a  being  who  normally  dwells  under  a  roof,  and 
therefore  his  practical  standards  must  conform  to  his  practical 
life.  Of  course,  at  times  the  quality  of  diffused  daylight  ob- 
tained in  the  open,  directly  under  a  clouded  sky,  is  the  same  as 
that  of  light  in  the  shadow  of  other  objects.  No  greater  au- 
thority on  light  has  ever  lived  than  Von  Helmholtz,  who,  realiz- 
ing the  great  difference  in  color  values  of  the  light  direct  from 
the  sun  and  that  in  the  shadow,  gave  his  opinion  that  the  best 
light  to  adopt  as  a  standard  would  be  that  found  immediately 
within  a  window. 

A  representative  form  of  daylight  is  that  reflected  into  a 
room  from  a  mirror  placed  at  an  angle  of  45°  to  the  sky  out- 
side of  an  open  window  on  the  shady  or  north  side  of  a  prefer- 
ably isolated  building  to  prevent  the  direct  sunlight  from  reach- 
ing the  mirror  and  to  avoid  any  disturbing  reflections  from  sur- 
rounding objects. 

The  color  values  of  some  portions  of  the  spectrum,  for  ex- 
ample, the  blue,  thus  obtained  throughout  the  middle  hours  of 
all  of  the  days  of  a  year  will  vary  as  much  as  40%,  but  the 
average  of  the  values  obtained  for  each  of  the  seven  colors  of 
the  spectrum  throughout  the  course  of  some  years  may  each  ex- 
actly conform  to  those  of  the  white  Moore  light,  which  are 
always  constant  and  instantly  available.  Of  course  there  is  no 
probability  that  any  two  days,  months  or  years  of  natural  light 
are  exactly  alike,  and  therefore  it  is  an  extremely  fortunate 
scientific  coincidence  that  the  combination  of  an  electric  cur- 
rent with  COo  produces  color  values  which  are  the  same  as  the 
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best  form  of  diffused  daylight.  We  therefore  acknowledge  per 
force  the  indisputable  claim  of  daylight  (not  sunlight)  as  the 
real  standard,  but  knowing  its  vital  defect  of  grave  variable- 
ness, substitute  for  it  an  equivalent  that  is  as  accurate  in  color 
as  can  be  desired,  but  which  also  possesses  the  enormously 
valuable  attribute  of  constancy.  It  is  so  simple  that  it  can  al- 
ways be  reproduced  of  invariable  color  qualities. 

It  needs  simply  to  be  fed  automatically  with  pure  CO2  and 
its  color  values  will  remain  constant  throughout  its  entire  life 
of  perhaps  over  5000  hours,  after  which  new  electrodes  will 
probably  needs  be  supplied. 

This  paper  is  confined  to  the  applicability  of  the  white  Moore 
light  as  a  standard  for  colors,  but  it  is  my  conviction  that  the 
this  light  will  later  be  also  adopted  as  the  standard  of  in- 
tensity, which  is  an  added  argument  why  it  should  now  be 
adopted  as  the  color  standard.  Various  European  professors 
have  ventured  the  opinion  that  if  the  object  of  artificial  illumi- 
nation is  the  reproduction  of  daylight  as  a  standard,  finality  is 
more  likely  to  be  approached  by  the  use  of  tubes  than  bulb?  It 
will  be  a  fact  of  very  great  scientific  importance  to  photometry 
of  all  kinds  if  the  standard  of  intensity  is  at  the  same  time  the 
standard  of  color.  It  has  been  proposed  to  obtain  this  advantage 
in  connection  with  a  standard  of  intensity  by  combining  certain 
portions  of  the  radiations  of  perhaps  three  different  sources, 
which,  even  though  it  were  capable  of  being  practically  carried 
out,  would  be  far  inferior  to  a  single  source  as  regards  sim- 
plicity. 

It  has  also  been  suggested  to  obtain  any  specified  spectrum 
approximating  daylight  by  various  screening  processes,  which 
is  not  comparable  in  simplicity  with  generating  directly  the  spec- 
trum desired.  With  either  of  the  above  methods  the  white 
Moore  light  plan  would  be  highly  desirable,  if  not  absolutely 
necessary,  as  the  method  of  unfailingly  producing  a  spectrum 
of  constant  quantities  as  a  standard  to  attempt  to  copy.  After 
its  adoption  we  would  then  be  in  a  position  to  renew  the  at- 
tempt more  accurately  to  determine  the  mechanical  equivalent 
of  'Vhite"  light.  We  would  also  soon  become  accustomed  to 
the  desirable  habit  of  complying  with   every   statement  of  the 
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efficiency  of  any  light,  its  color.  The  automatic  feed  valve  can 
be  designed  for  very  delicate  adjustment,  which  will  assure 
accurate  reproduction  at  will,  and  thereby  avoid  the  extreme 
sensitiveness  of  gases  at  low  pressures,  which  have  been  describ- 
ed as  one  of  the  most  trying  and  baffling  departments  of  physical 
research.  But  the  subject  of  the  primary  standard  of  light  in- 
tensity is  a  very  large  one,  and  probably  it  will  be  wiser  first  to 
express  the  color  values  of  all  other  forms  of  light  in  terms 
of  an  adopted  standard.  The  preparation  of  the  accurate  pre- 
liminary specifications  makes  an  ideal  subject  for  students'  theses 
under  the  guidance  of  professors  well  versed  in  such  matters, 
or  they  could  be  written  by  the  U.  S.  Bureau  of  Standards. 

The  probability  of  serious  errors  developing  in  reproducing 
absolutely  the  same  color  values  is  fortunately  very  small.  Some 
of  the  factors  involved  are  the  diameter  and  thickness  of  the 
glass  tube  and  its  quality,  the  purity  of  the  HCl,  the  purity  of 
CaCOg,  the  purity  of  CaCl,  the  purity  of  COo,  the  purity  of  the 
tube's  electrodes,  the  amount  of  current  passing  through  the 
tube,  the  degree  of  vacuum  in  the  tube,  etc.  Yet  most  of  these 
factors  can  vary  to  a  considerable  extent  without  changing  appre- 
ciably the  spectrum  of  the  light. 

Of  course  the  spectrum  should  also  be  accurately  determined 
and  recorded  in  wave-lengths.  It  consists  of  so  large  a 
number  of  fine  lines  and  so  well  distributed,  that  some  spectro- 
scopists  have  called  it  continuous,  thus  preventing  it  from  being 
placed  in  the  objectionable  selective  class  of  the  mercury  arc 
with  its  few  bright  lines.  In  fact  spectrophotometer  tests 
can  be  applied  to  the  white  Moore  light  just  as  they  are  to  any 
continuous  spectrum  from  a  heated  solid  conductor. 

In  proposing  a  scientific  standard,  of  whatever  nature,  it  is 
well  to  consider  whether  it  is  adaptable  to  being  international 
in  its  scope  and  thus  avoid,  for  example,  any  repetition  of  the 
unfortunate  international  complications  in  the  past  of  various 
units  of  light  intensity.  From  this  standpoint  it  is  particularly 
desirable  that  a  standard  be  adopted  without  further  delay  and 
so  also  is  the  white  Moore  light  particularly  suitable.  If  it  were 
proposed  that  delegates  from  all  parts  of  the  world  should  de- 
cide on  a  standard  spectrum  obtained  by  averaging  the  natural 
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light  of  each  country,  great  differences  of  opinion  would  imme- 
diately develop.  For  example,  those  from  the  Northern  Hemi- 
sphere might  specify  a  "north"  light,  and  those  from  the  South- 
ern Hemisphere  a  "south"  light.  Again  the  latitude  of  a  coun- 
try like  Germany,  with  its  consequent  average  short  day  as  com- 
pared with  ours,  might  cause  them  to  advocate  utilizing  read- 
ings in  making  up  their  average  that  were  taken  with  the  sun 
greater  distances  from  its  zenith,  etc.  From  this  the  enormous 
superiority  of  the  suggestion  to  adopt  as  standard  for  the 
whole  world  a  light  independent  of  natural  conditions,  is  imme- 
diately apparent.  It  is  also  apparent  that  due  to  the  very  large 
number  of  variable  quantities  entering  into  natural  light,  that 
at  best  a  so-called  standard  form  of  daylight  could  only  be 
arrived  at  by  arbitrary  decision,  which  would  also  be  forever 
subject  to  revision. 

Some  of  the  variables  affecting  the  quality  of  natural  light 
are :  color  of  clear  sky,  white  clouds,  dark  clouds,  mist,  rain 
snow,  dust,  smoke,  other  atmospheric  impurities,  proximity  to 
water,  near-by  buildings,  their  color,  character  of  ground,  foliage, 
indoor  observations,  size  of  windows,  north,  east,  south,  west, 
outdoor  observations,  direct  sunlight,  geographical  location,  alti- 
tude, astronomical  changes,  time  of  observation,  year,  month, 
day,  hour,  minute. 

Daylight  is  the  real  color  standard  because  we  now  assume 
beyond  argument  that  due  to  creation  and  evolution,  the  human 
eye  is  adapted  to  it.  But  it  is  thoroughly  unreliable;  therefore, 
it  is  logical  and  imperative  that  there  be  adopted  a  substitute  for 
it,  as  a  standard,  which  has  its  good  qualities  without  its  bad 
ones.  Such  a  procedure  is  necessary  in  order  to  bring  to  a  high 
state  of  scientific  achievement,  not  only  many  sciences  as  well  as 
art,  but  also  many  important  industries.  In  fact  it  is  very  remark- 
able that  the  world  has  reached  its  present  age  and  development 
without  there  having  been  adopted  a  uniform  and  international 
basis  to  determine  exactly  what  is  meant  by  the  simple  ex- 
pression— "a  white  light,"  or  even  a  "white  color." 

The  "average  daylight"  determined  upon  by  Professor  E.  L. 
Nichols  in  a  paper  presented  to  this  Society  in  May,  1908,  has 
considerably  less  blue  in  it  than  in  the  white  Moore  light.     But 
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the  Nichols  spectrum,  which  is,  comparatively  speaking,  very 
yellow,  would  not  be  accepted  by  the  commercial  world  as  be- 
ing adaptable  to  its  wants.  It  demands  an  "average  daylight" 
under  a  roof.  The  150  Nichols  observations  which  were  averag- 
ed, were  taken  directly  under  foreign  skies.  A  direct  sunUght 
spectrum  contains  much  less  blue,  i.  e.,  much  more  yellow  and 
red  than  the  spectrum  of  diffused  light  from  a  shaded  sun. 
The  Nichols  observations  were  taken  in  the  open  in  varying 
weather  and  were  therefore  more  liable  to  be  affected  by  the  sun. 
The  ''average  daylight"  spectrum  obtained  by  Dr.  H.  E.  Ives  by 
tests  made  at  the  Bureau  of  Standards  in  Washington,  D.  C, 
has  considerably  more  blue  in  it  than  the  Nichols  spectrum, 
yet  not  quite  as  much  as  that  of  the  white  Moore  light.  But 
the  Ives  average  daylight  was  obtained  from  fifteen  sets  of  ob- 
servations obtained  from  fair  and  cloudy  skies  at  a  west  win- 
dow. If  they  had  been  taken  at  a  north  window,  the  final 
result  might  have  exactly  coincided  with  that  of  carbonic  acid 
gas  in  a  white  light  tube.  In  advancing  the  color  match- 
ing claims  of  the  white  tube  light  several  years  ago,  T 
was  met  with  the  premature  criticism,  based  on  simple  obser- 
vation, that  it  was  too  blue,  more  so  than  daylight — but  various 
tests  have  since  proved  that  daylight  is  often  considerably  more 
blue  than  it,  again  indicating  that  it  represents  an  average.  But 
in  the  last  analysis  there  is  no  logical  reason  why  the  "average 
idea"  applied  to  all  knds  of  weather,  should  be  adopted  as  the 
method  of  deciding  on  a  standard,  because  we  are  endeavoring 
to  find  a  practical  standard  for  commercial  use,  and  many  color- 
dependent  industries  in  the  past  have  been  compelled  to  cease 
activities  until  the  weather  cleared.  Therefore  it  is  more 
logical  to  decide  on  a  standard  that  is  equivalent  of  the  best  nat- 
ural or  daylight  conditions,  viz.,  the  white  Moore  light,  which  is 
the  only  light  for  which  such  claims  can  rightfully  be  made.  Since 
it  is  the  first  light  to  give  entire  satisfaction  to  those  employed 
in  color  matching  of  all  kinds,  it  is  safe  to  say  that  a  more 
satisfactory  spectrum  to  adopt  as  the  standard  form  of  duplicat- 
ing daylight  will  never  be  obtained. 

At  various  previous  meetings  of  this  Society  the  author  has 
suggested  that  some  action  be  taken  towards  the   adoption  of 
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a  light  of  standard  colors,  and  now  realizing  that  at  the  present 
time  no  such  standard  has  been  adopted  and  believing  that  it 
is  a  matter  of  great  and  immediate  importance,  and  that  there  is 
a  demand  for  such  a  standard  by  commerce  and  science,  the 
author  earnestly  requests  the  president  of  the  Illuminating  En- 
gineering Society  to  bring  this  matter  to  the  early  attention  of 
the  Council  for  consideration,  and  hopes  that  it  may  speedily  re- 
sult in  an  active  committee  being  appointed  to  make  thorough  in- 
vestigation and  report  its  recommendation,  with  the  ultimate 
idea  of  presenting  the  same  before  the  International  Conference 
on  Electrical  Units  and  Standards. 
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Chairman  E.  L.  Elliott.  We  have  with  us  this  evening  the 
President  of  our  Society,  Dr.  E.  P.  Hyde  and  I  will  ask  him  to 
take  the  chair  for  the  evening. 

President  Hyde: — Now,  gentlemen,  these  three  papers  are 
before  the  Section  for  discussion.  The  first  by  Mr.  Clifford 
deals  with  some  practical  considerations  of  importance.  For 
example,  it  must  be  patent  to  all  of  us  at  times  how  a  room  ex- 
quisitely decorated  under  daylight  conditions  depends  almost 
entirely  for  its  effect  at  night  upon  the  scheme  if  illumination 
which  is  chosen. 

The  second  paper  by  Dr.  Ives  contains  perhaps  the  first 
summary  of  all  the  work  which  has  been  done  up  to  the  present 
time  on  this  interesting  subject.  I  might  say  that  Dr.  Ives' 
first  measurements  upon  the  Moore  tube  presented  before  this 
Society  some  time  ago,  were  unfortunately  not  as  accurate  as 
those  which  he  has  presented  tonight  because  of  certain  diffi- 
culties which  were  encountered  and  which  were  afterwards  cor- 
rected. 

In  the  third  paper,  Mr.  Moore  again  brings  to  our  attention 
the  carbon  dioxide  tube  as  yielding  light  which  approachs  very 
closely  in  color  to  daylight  and  suggests  that  it  may  have  a 
value  as  a  standard  of  color. 

These  three  papers  are  open  for  your  discussion.  I  am  sure 
that  the  questions  presented  in  them  are  of  interest  to  a  great 
many  members  of  the  Society. 

B.  Jones,  Jr. : — It  is  unfortunate  that  Mr.  Clifford  is  not  here 
to  lend  his  personality  to  the  reading  of  his  paper,  and  to  take 
part  in  a  discussion  that  must  otherwise  seem  somewhat  futile 
and  one  sided.  Mr.  Clifford  speaks  with  authority  on  this  sub- 
ject, and  the  mere  fact  that  he  has  undertaken  to  present  a 
paper  is  evidence,  I  believe,  of  a  mutual  relaxation  of  the  un- 
tenable positions  taken  by  both  the  illuminating  engineer  and 
the  designer.  One  has  only  to  listen  to  the  general  trend  of  the 
discussions  at  recent  meetings  of  this  Society  to  become  aware 
of  a  decided  change  in  the  attitude  of  the  members  toward  what 
may  be  called  the  aesthetic  side  of  the  design  of  illuminating 
equipments.  We  no  longer  hear  the  demands  of  the  architects 
designated  as  preposterous.     On  the  other  hand  there  is  ample 
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proof  of  an  awakening  among  the  members  to  the  fact  that  the 
architect  does  frequently  have  correct  ideas,  and  that  when  his 
ideas  are  properly  carried  out  both  by  the  engineer  and  the  fixture 
designer  there   results  something  that   is  good  and  practical. 

In  this  connection  I  must  protest  against  such  statements 
as  appeared  in  a  recent  editorial  published  in  a  prominent  elec- 
trical journal.  This  editorial  advanced  the  proposition  that 
artistic  lighting  and  good  lighting  from  the  physiological  stand- 
point were  incompatible.  Far  from  this  being  the  case,  it  is  true 
that  no  system  of  illumination  that  is  in  any  sense  of  the  word 
dangerous  physiologically  can  by  any  twisting  of  the  term  he 
called  artistic.  The  fact  that  any  such  system  of  illumination  is 
productive  of  eye  strain  is,  ipso  facto,  proof  of  its  being  inartistic. 
This  means,  of  course,  that  much  of  the  so-called  artistic  light- 
ing that  has  been  done  is  ugly,  but  does  not  by  any  means  prove 
that  good  artistic  lighting  is  impossible.  It  is  just  such  conten- 
tions as  those  made  in  the  editorial  referred  to  that  have  done 
so  much  to  retard  the  acceptance  by  the  architect  and  the  de- 
signer of  illuminating  engineering  as  a  bona-fide  profession,  and 
have  prejudiced  against  this  Society  men  who  know  what  good 
lighting  is.  It  is  unfortunate  that  such  apparently  authoritative 
statements  should  appear  at  a  time  so  critical.  For  it  is  also 
true  that  the  architectural  profession  as  a  whole  is  almost  on 
the  point  of  meeting  us  half  way. 

As  has  been  said  by  several  architects  of  standing,  the  worker 
in  light  has  opened  to  the  designer  a  vehicle  for  artistic  expression 
that  is  essentially  modern  in  character.  I  know  of  at  least  three 
modern  monumental  buildings  in  course  of  erection  that  have 
been  Hterally  designed  around  a  system  of  artificial  illumination, 
because  the  architect  found  among  the  numerous  modern  light 
sources  means  of  producing  most  interesting  and  beautiful  effects. 

A.  J.  Marshall: — As  a  member  of  the  Illuminating  Engineer- 
ing Society,  and  as  one  who  has  high  appreciation  of  the  beau- 
tiful and  harmonious  in  our  existence,  I  wish  to  express  my 
sincere  thanks  to  Mr.  Clifford  for  the  emphasis  which  he  has 
laid  upon  the  importance  of  giving  larger  recognition  to  the 
aesthetic  features  of  lighting.  The  paper  carries  the  greater 
weight  because  Mr.  Clifford  is  an  authority  on  the  subject.  Our 
Society   in   the   past   has   concerned   itself    too   largely   with   the 
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scientific  aspects  of  the  problem  and  has  given  too  little  atten- 
tion to  the  more  important  factors,  namely  the  physiological, 
and  aesthetic. 

Mr.  B.  L.  Elliott : — Mr.  Clifford  has  made  some  very  valuable 
suggestions,  the  most  startling  one  of  which  is  that  the  illuminat- 
ing engineer  can  be  of  assistance  to  the  decorator.  This  sug- 
gestion is  startling  not  because  its  truth  has  not  been  recognized 
in  the  past,  but  because  it  is  the  expression  of  a  decorator's 
thought.  That  it  comes  from  one  who  stands  high  in  his  pro- 
fession is,  I  think,  a  most  favorable  indication  that  the  illuminat- 
ing engineer  is  coming  into  his  own,  for  we  of  course  recognize 
that  his  province  includes  in  addition  to  matters  of  concrete 
values  and  measurements,  artistic  judgment  and  feeling,  all  of 
which  together  constitute  the  field  of  art. 

I  see  no  reason  why — and  I  never  have  seen  a  reason  why — 
an  illuminating  engineer  because  he  is  an  engineer  or  because 
he  takes  that  title  should  thereby  have  no  appreciation  of  art 
or  no  right  to  express  himself  upon  it.  Surely  illumination  is 
connected  with  the  arts  of  architecture  and  decoration  as  no  other 
subject  is,  and  if  the  decorator  or  architecc  is  not  to  receive 
help  fromi  the  engineer  in  this  respect  then  there  is  something 
wrong  with  one  or  the  other. 

In  regard  to  the  subject  of  color,  Dr.  Ives  has  attempted 
to  give  a  resume  of  the  efforts  that  have  been  made  to  arrive 
at  average  daylight — or,  what  amounts  to  the  same  thing,  an 
average  white  light.  I  think  we  may  sum  up  Dr.  Ives'  sum- 
mary still  more  concisely  by  saying  that  one  cannot  get  an  aver- 
age daylight ;  there  is  not  any  such  thing,  and  you  never  have 
it  any  more  than  you  will  ever  get  the  average  intelligence  of  an 
audience,  for  the  simple  reason  that  there  are  too  many  varia- 
bles, and,  not  only  are  they  infinite  in  number,  but  the  question 
as  to  how  they  should  be  weighted  is  absolutely  indeterminate. 
Therefore,  you  can  get  no  average.  Dr.  Nichols  made  a  very 
elaborate  series  of  observations  and  experiments  and  arrived  at 
one  conclusion.  Dr.  Ives,  too,  from  a  somewhat  different  view- 
point, arrived  at  quite  a  different  conclusion.  Now,  there  is  a 
very  great  necessity  in  the  use  of  illumination  that  there  should 
be  some  standard  white  light,  and  it  is  important  that  that  stand- 
ard should  give  in  its  use  an  appearance  to  the  eye  which  unde^ 
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practical  conditions  will  not  differ  from  that  of  ordinary  daylight. 
I  will  not  say  average  conditions.  The  eye  unaided,  without  the 
aid  of  any  measuring  instrument,  will  not  detect  color  differ- 
ences to  probably  a  greater  degree  of  accuracy  than  it  can  detect 
differences  in  illumination — that  is,  of  intensity — and  those  will 
generally  not  come  within  20  per  cent.  So  that  I  conceive  that 
it  is  not  necessary  that  we  have  as  a  standard  white  light  a 
source  which,  even  if  there  were  such  a  thing  as  average  daylight, 
was  absolutely  the  same.  It  is  highly  important  in  the  art  and 
in  manufacture  that  we  have  a  standard  of  whiteness  of  light, 
but  I  think  it  is  even  more  important  as  a  practical  measure 
than  that  we  have  a  standard  ®f  intensity,  upon  which  so  much 
work  has  been  done. 

Now,  by  all  investigators  it  seems  to  be  admitted  that  the 
light  of  the  carbon-dioxide  tube  is  very  nearly  average  daylight 
— average  daylight  being  determined  by  different  methods.  I 
believe,  therefore,  and  I  have  believed  for  some  time,  and  my 
belief  is  still  further  confirmed  by  Dr.  Ives'  summa^-y,  that 
the  hght  of  the  carbon-dioxide  tube  meets  all  the  practical  re- 
quirements for  a  standard  of  white  light.  I  think  this  is  a  great 
achievement  in  the  progress  of  illuminating  engineering:  To 
have  produced  a  light  which  is  as  good  as  daylight  for  deter- 
mining color  values  and  to  have  such  a  light  reproducible  with, 
I  believe,  a  very  considerable  degree  of  accuracy  for  scientific 
purposes  and  a  practically  perfect  degree  of  accuracy  for  practi- 
cal purposes  so  that  work  in  factories  where  a  light  nearly  ap- 
proximating daylight  is  required  can  be  carried  on  every 
working  day  in  the  year  and  during  the  working  hours  of  every 
day,  is  a  remarkable  achievement  indeed. 

I,  therefore,  put  in  the  form  of  a  motion  the  suggestion  made 
by  Mr.  Moore  at  the  close  of  his  paper,  that  it  is  the  sense  of 
those  in  attendance  at  a  meeting  of  the  New  York  Section 
that  the  Council  of  the  Illuminating  Engineering  Society  should 
consider  the  adoption  of  a  standard  of  white  light. 

(This  motion  was  seconded  by  A.  J.  Marshall  and  was  adopt- 
ed by  the  members  present.) 

N.  Macbeth  : — In  one  part  of  Mr.  CHfford's  paper  statements 
are  made  to  the  effect  that  in  residences  we  do  not  require  a 
white  light,  and  we  want  a  change  from  daylight,  and  that  we 
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want  a  light  having  quite  a  considerable  mellow  quality.  Then 
later  on  towards  the  end  of  the  paper  I  understood  him  to  say 
that  we  required  a  red  blue  light  for  rest  and  a  red  orange  light 
for  stimulation.  Now,  that  would  appear  to  me  to  be  a  con- 
tradiction. I  think  it  is  undoubtedly  true  that  we  require  a  red 
orange  for  evening.  I  do  not  know  of  any  other  explanation  for 
the  predominance  of  open  flame  gas  burners  still  used  in  resi- 
dence  work. 

The  diagrams  shown  by  Dr.  Ives  in  his  paper  as  well  as 
other  papers  that  he  has  given  us  at  different  times  on  this  sub- 
ject were  very  interesting.  I  think  it  must  be  somewhat  of  a 
surprise  from  the  reputation  that  gas  mantles  have  had  for 
color,  to  find  upon  being  scientifically  investigated  that  they  are 
pretty  well  placed  so  far  as  being  close  to  white  light  is  con- 
cerned. It  might  be  interesting  to  know  that  while  gas  man- 
tles have  been  commercially  called  ''white"  light  and  ''yellow" 
light,  manufacturers  are  now  experimenting  with  a  mantle  that 
will  be  extremely  yellow.  I  think  it  will  be  interesting  to 
observe  whether  the  decorators  really  want  that  kind  of  light. 

The  reports  showing  how  near  the  gas  mantle  lights  are  to  a 
white  light  I  think  bring  out  the  point  that  Mr.  Elliott  raised  that 
the  eye  is  unable  to  judge  colors  at  all  closely. 

In  the  matter  brought  up  by  Mr.  Moore  on  the  question  of 
the  white  light  in  clothing  stores,  I  would  like  to  ask  him  in 
buying  clothes  by  number  is  the  intensity  not  quite  as  important 
a  matter  as  the  color,  and  that  possibly  a  foot  or  18  inclies  dis- 
tance from  this  artificial  window  what  would  be  the  approxiniate 
brightness  of  an  article  with  the  reflection  coefficient  of  dark 
goods  being  very  low?  I  should  think  the  intensity  would  ]jlay 
a  very  high  part. 

P.  S .  Millar : — As  I  recall  Dr.  Nichols'  spectrophotometric 
tests,  they  were  made  in  the  region  just  north  and  south  of  the 
Mediterranean,  and  upon  the  ocean.  Under  such  conditions  the 
quality  of  light  was  probably  quite  different  from  that  which  is 
to  be  found  in  this  country.  I  would  like  to  ask  Dr.  Ives  if 
this  difference  has  been  given  due  consideration  in  his  study 
of  Dr.  Nichols'  work. 

From  statements  made  in  Mr.  Moore's  paper  and  from  state- 
ments made  by  him  elsewhere,  I  gather  that  long  carbon  dioxide 
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tubes  have  an  efficiency  corresponding  to  about  5  watts  per  can- 
dle, while  short  tubes  such  as  that  displayed  here  tonight,  have 
an  efficiency  corresponding  to  about  15  watts  per  candle.  I 
would  like  to  ask  Mr.  Moore  whether  or  not  these  inferences  are 
substantially  correct.  In  attempts  to  simulate  daylight  we  have 
yet  to  see  what  may  be  done  by  using  the  intensified  carbon  arc 
lamp  and  modifying  the  quality  of  its  light.  Such  an  effort 
would  appear  to  promise  some  measure  of  success. 

I  would  compliment  the  gentlemen  who  arranged  this  meet- 
ing. Desiring  to  discuss  color  of  light,  they  have  obtained  a 
paper  by  an  expert  physicist  who  considers  the  matter  in  its 
scientific  aspects.  They  then  arranged  for  a  paper  by  a  man 
who  is  an  expert  on  the  subject  in  its  decorative  aspects, 
and  finally  they  have  a  paper  by  a  man  who  has  succeeded  in 
making  available  an  artificial  light  which  is  a  more  or  less  satis- 
factory equivalent  of  daylight.  This  shows  recognition  of  the 
broad  aspects  of  the  question  and  is  an  excellent  illustration  of 
the  principles  on  which  our  Society  bases  its  efforts  in  seeking  to 
advance  the  cause  of  good  illumination. 

W.  D'A.  Ryan: — I  wish  first  to  congratulate  the  Society  on 
the  excellent  papers  that  have  been  read  this  evening. 

Referring  to  the  paper  of  Mr.  Clifford,  I  desire  to  say  that 
it  is  papers  of  this  kind  that  will  do  the  Society  as  much  good 
as  any  papers  that  can  be  presented.  The  Society  has  without 
question  done  very  remarkable  work  in  its  comparatively  short 
life,  notwithstanding  that  it  has  had  many  things  to  contend  with. 
For  example,  we  have  in  the  field  the  so-called  illuminating  en- 
gineering salesman  or  specialist  whose  primary  object  in  life 
appears  to  be  in  many  cases,  to  make  the  tail  wag  the  dog. 
We  also  have  the  mutual  friend  of  the  ''intense  brilliancy  fiend" 
who  convinces  his  poor  victim  that  what  he  thinks  he  wants 
in  the  proper  thing,  and  he  gives  him  a  light  that  will  put  hi\, 
eyes  out.  Then,  we  have  the  man  working  in  the  opposite  di- 
rection who  favors  totally  concealed  illumination,  which  leaves 
the  victim's  eyes  in  a  condition  where  they  cannot  telegraph  to 
the  brain  whether  he  is  coming  or  going. 

Now,  there  is  no  question  but  that  extremely  brilhant  il- 
luminants  and  well  diffused  illuminants  have  certain  applications 
where  they   can  be   used  to   advantage,   but   unfortunately  they 
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are  pushed  to  such  a  degree  for  general  Hghting  that  many 
architects,  engineers  and  decorators,  particularly  in  the  western 
part  of  the  country,  are  beginning  to  think  that  the  illuminating 
engineer  is  a  joke. 

On  the  subject  of  the  aesthetic  in  the  Hghting  field;  I  be- 
lieve that  in  order  to  bring  about  as  rapidly  as  possible  a  con- 
dition of  improved  lighting  where  we  use  the  aesthetic  in  com- 
bination with  the  utilitarian,  it  might  be  well  for  the  Society  to 
form  a  committee  to  assist  in  the  framing  of  laws  for  the  pre- 
vention  of   criminal  lighting. 

It  is  not  my  intention,  gentlemen,  to  "knock"  in  any  way,  but 
there  are  many  of  us  who  are  interested  in  this  Society  and  we 
would  like  to  see  it  prosper.  We  would  like  to  create  a  friendly 
feeling  with  the  architects  and  engineers,  and  the  majority  of 
us  are  no  doubt  sincere  and  are  working  in  this  direction ;  but 
unfortunately  there  are  persons,  many  of  whom  are  not  mem- 
bers of  the  Society,  who  are  working  to  its  disadvantage,  thus 
making  it  more  difficult  for  the  Society  to  make  the  progress  in 
certain  important  directions  that  it  should. 

On  the  subject  of  color:  The  Moore  tube  undoubtedly  is  an 
excellent  light  for  color  selection,  although  it  is  about  as  much 
off  towards  the  blue  as  the  arc  light  is  off  towards  the  yellow. 
It  is  not  generally  understood  that  the  arc  lamp  is  more  yellow 
than  blue.  We  learn  from  lighting  experiments  in  various 
buildings,  such  as  art  galleries  and  factories  where  they  match 
colors,  that  this  is  true  to  a  considerable  extent,  but  the  arc 
light  when  pushed  up  to  a  proper  degree  of  intensity  and  when 
properly  diffused  makes  a  very  excellent  substitute  for  daylight. 
I  am  not  prepared  to  say  that  it  is  better  than  the  Moore  light, 
but  my  present  impression  is  that  the  two  are  not  very  different. 
They  both  stand  pretty  well  on  a  par  for  purposes  of  first-class 
color  selection.  Either  one  or  the  other  is  subject  to  some  varia- 
tion. I  do  not  know  to  just  what  extent  the  Moore  tube  will 
vary  under  different  conditions,  but  I  imagine  it  is  not  very  great ; 
and  the  arc  light  can  be  controlled   within  very  close  limits. 

Dr.  Ives: — I  shall  not  attempt  to  discuss  a  number  of  the 
points  that  have  been  raised  owing  to  the  lateness  of  the  hour. 
There  was  one  question  asked  by  Mr.  Millar  in  regard  to  the  sky 
as   measured  by  Dr.   Nichols,   calling  attention   to  the   fact  that 
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these  measurements  were  made  in  the  region  of  the  Mediterra- 
nean. Now,  instead  of  explaining  the  discrepancy  I  think  that 
works  the  other  way,  because  his  skies  are  so  much  more  yellow 
than  the  blue  skies  of  other  observers,  and  the  skies  of  the  Medi- 
terranean and  the  Alps  are  very  much  bluer  than  those  that  we 
are  accustomed  to  find  in  our  own  neighborhood. 

D.  McFarlan  Moore : — I  do  not  care  to  make  any  remarks  be- 
yond answering  the  question  in  reference  to  the  effect  of  intensity 
on  color  matching.  Of  course,  with  a  large  majority  of  il- 
luminants  the  intensity  does  have  a  considerable  effect  on  color 
matching.  Practical  experience  has  shown,  however,  that  there  is  a 
remarkable  freedom  from  any  such  trouble  with  the  white  Moore 
light.  For  example,  that  window  can  be  adjusted  for  half  its 
normal  intensity  and  the  color  dyer  will  not  raise  any  objection 
whatever,  and  they  are  probably  the  greatest  experts  on  ac- 
curate color  matching  in  the  world. 

President  Hyde : — I  want  to  personally  endorse  what  Mr.  Mil- 
lar has  said  in  regard  to  congratulating  the  New  York  Section 
on  the  very  interesting  and  instructive  papers  which  have  been 
presented  this  evening.  I  hope  this  is  a  fair  example  of  what 
you  always  have  in  New  York. 


250      TRANSACTIONS  OF  ILLUMINATING  ENGINEE:RING  SOCIETY 

UisciissiOH  at  a  meeting  of  the  Neiv  England 
Section  March  14,  jgio. 

THE  LIGHTING  OF  A  RUG  AND  CARPET  STORE. 


B.  J.  Bean : — The  problem  for  consideration  as  noted  by  the 
plan  is  that  of  illuminating  a  carpet  and  rug  store  102  ft.  long 
and  26  ft.  wide  and  14  ft.  3  in.  high,  with  shelving  on  both  sides, 
reducing  the  width  for  the  most  part  to  21  ft.  We  may  assume 
that  the  shelves,  containing  dark  rugs  and  carpets,  should  be 
sufficidntly  illuminated,  that  the  colors  and  patterns  may  be 
easily  discernible  as  well  as  the  floor  which  is  the  horizontal 
plane  of  illumination,  and  also  that  the  most  efficient  illumi- 
nation adapted  to  the  store  is  required.  Uniformly  distributed 
illumination  is  essential  in  a  store  of  this  character  and  the  light 
sources  should  be  free  from  glare.  Many  of  us  have  asked 
from  time  to  time  that  papers  presented  at  these  meetings  be 
more  elementary  than  have  been,  that  we  may  receive  more  of  the 
basic  principles  of  this  science  and  in  view  of  this  fact  I  have 
decided  to  have  you  consider  with  me  two  ways  of  illuminating 
this  store, — first  by  single  mantle  units  and  second  by  inverted 
gas  arc  lamps.  The  flux  of  light  method  for  calculating  illumina- 
tion problems  lends  itself  readily  for  the  practical  gas  man's  use, 
and  it  would  not  be  out  of  place  to  review  in  part  what  has  been 
said  and  written  regarding  this  method. 

DEFINITIONS. 

1.  The  unit  of  light  intensity  is  the  "candle-power." 

2.  The  unit  of  light  flux  or  quantity    is  the  "lumen." 

3.  The  unit  of  illumination  is  the  "foot-candle." 

4.  A  lumen  is  the  quantity  of  light  which  will  produce  an 
illumination  of  one  "foot-candle"  over  a  surface  one  square  foot. 

To  obtain  the  number  of  lumens  produced  by  units  within 
certain  angles,  Cravath  and  Lansingh  give  a  method  consisting 
of  drawing  a  number  of  radial  lines  at  angles  which  may  be  ob- 
tained by  mathematical  calculation.  For  our  purpose,  that  of 
general  distribution,  the  60  degree  angle  may  be  taken. 
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Effective  radials  from  vertical  to  60  degrees : 
12  degrees,  50  minutes, 


22 

20 

28 

57 

34 

25 

39 

II 

43 

32 

47 

33 

51 

19 

54 

54 

58 

20 

Those  interested  in  illumination  problems  would  find  it  of 
advantage  to  draw  off  the  lines  with  a  protractor  on  a  sheet  of 
celluloid,  to  be  kept  for  use.  Placing  this  protractor  of  cellu- 
loid  on  the  polar  distribution  curve,  we  may  read  the  intersec- 
tion of  the  radial  lines  and  finding  the  average  of  our  readings, 
multiply  the  same  by  3.14  (the  60  degree  lumen  factor).  The 
result  will  be  the  number  of  effective  lumens.  Finding  two- 
thirds  of  this  amount,  that  is,  considering  33^  per  cent,  as  a 
factor  of  safety,  we  may  feel  assured  that  our  results  obtained, 
by  using  this  final  amount  as  the  number  of  lumens,  are  at  least 
conservative.  Several  illuminating  engineers  have  formulated 
rules  and  tables  from  data  obtained  through  actual  measurement 
of  various  installations,  and  we  can  do  little  better  than  be 
guided  by  their  results. 

Rule  I.  Cubic  feet  per  hour  square  foot  equals  foot-candle 
intensity  multiplied  by  constant. 

Knowing  the  constant  for  a  given  unit  we  may  find  the  total 
number  of  cubic  feet  for  the  total  area,  and  dividing  by  the 
nominal  consumption  of  the  unit  we  may  find  the  number  of 
lamps  required.  A  rule  answering  this  same  purpose,  which  we 
will  consider  Rule  2,  is  as  follows : 

Rule  2.  Find  the  cubic  feet  of  gas  per  hour  by  multiplying 
the  area  in  square  feet  by  the  illumination  intensity  required 
and  divide  by  factor  "lumens  per  cubic  foot.'*  Then  to  find  the 
number  of  lamps  divide  by  the  nominal  consumption  of  unit. 

Using  Rule  i, — the  cubic  foot  per  hour  constant  of  the  in- 
verted burner  equipped  with  clear  prismatic  reflector  and  clear 
cylinder,  light  ceilings  and  dark  walls,   equals  o.oi.     Assuming 
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4  foot-candles  as  adequate, — cu.  ft.  per  sq.  ft.  equals  4  x  o.oi 
equals  0.04.  The  effective  width  for  the  most  part  of  the  main 
section  is  21  feet  and  the  length  102  ft.  and  we  may  consider 
the  effective  area  to  be 

102  X  21  equals  2142. 

2142  X  0.04  equals  85.68  cu.  ft. 

85.68  divided  by  nominal  consumption  of  unit  sVs  equals  25.7 
(number  of  lamps  required). 

The  ratio  of  length  to  width  is  about  5  to  i  and  we  should 
space  the  lamps  as  near  this  ratio  as  possible.  Were  this  sec- 
tion a  perfect  rectangle  we  might  add  one  lamp  for  even  distri- 
bution making  the  ratio  3  to  9  with  the  total, — 2"/  lamps.  The 
rear  section  could  be  considered  separately,  or  it  would  be  as 
well  to  place  our  lamps,  the  spacing  to  be  equivalent  to  that 
of  the  main  section.  Referring  to  plan  i  will  show  how  the 
single  mantle  units  might  be  spaced  satisfactorily.  Considering 
height,  the  lamps  should  be  placed,  as  per  assumption,  so  that 
the  goods  displayed  on  and  above  the  shelves  will  be  adequately 
illuminated.  The  higher  lamps  are  placed  the  more  evenly  will 
the  illumination  be  distributed  on  a  horizontal  plane,  and  placing 
these  at  a  12  foot  height,  will  afford  ample  illumination  on 
shelves  as  well  as  floor.  It  is  well  in  most  cases  to  lay  out  the 
plan  in  sections  and  by  the  point  to  point  method  check  the 
intensity  on  the  plane.  With  the  installation  as  described,  the 
intensity  on  the  horizontal  plane  varies  from  3.7  foot-candles 
to  4.8  foot-candles  with  an  average  of  4.03  foot-candles,  a  varia- 
tion so  slight  that  it  is  far  from  being  objectionable.  The  in- 
tensity of  the  wall  cases  varies  from  3.0  to  4.1   foot-candles. 

The  problem  using  five  mantle  inverted  gas  arc  lamps  equipped 
with  alabaster  globes  and  hung  from  central  outlets  is  as  follows : 
this  time  we  will  use  Rule  2.  (Area)  2142  x  (Intensity)  4 
divided  by  (Factor  for  5  months  inverted  arc  lamp  alabaster 
globe)  65  equals  131. 8  divided  by  16.6  (Nominal  consumption) 
equals  8  lamps.  For  uniform  distribution  add  two  more  lamps 
for  rear  section,  making  total  of  10  lamps  and  then  space  out- 
lets equally  distant  one  from  the  other  (Plan  2).  As  before, 
it  is  better  to  hang  the  lamps  as  high  as  possible,  i2'-o"  from 
plane.  Checking  the  intensity  by  plotting  the  variation  will  be 
found  to  be   from  5.3  to  2.3   foot-candles  on  horizontal  plane 
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and  on  face  of  shelves  from  3.3  to  2.3  foot-candles.  Although 
there  is  in  this  case  a  greater  variation  of  intensity  using  arcs 
than  was  found  using  single  inverted  units,  this  variation  would 
not  be  objectionable  and  could  not  be  detected  by  the  eyes.  It 
would  be  impossible  to  lay  down  any  hard  and  fast  rule  re- 
garding which  type  of  unit  would  be  better  in  every  case,  for  it 
would  depend  upon  conditions  generally  to  determine  the  better 
for  use.  With  all  lighting  problems,  regardless  of  kind,  rules 
and  formulas  must  be  supplemented  by  experience  and  common 
sense  to  insure  satisfactory  results. 

T.  H.  Piser : — I  would  like  to  ask  Mr.  Bean  if  he  does  not  think 
it  would  be  better  to  use  a  slightly  higher  figure  than  4  foot- 
candles  on  the  plane.  It  would  seem  that  with  dark  rugs  there 
would  be  considerable  absorption  and  we  might  require  a  little 
higher  illumination. 

B.  J.  Bean : — I  think  that  depends  upon  the  locality  and  general 
conditions  of  the  place,  but  considering  this  from  the  standpoint 
of  illumination  I  think  myself  that  6  candles  would  be  better 
than  4  candles  in  a  place  that  is  so  dark.  You  are  utilizing 
your  light  here  to  illuminate  both  wall  cases  as  well  as  to 
illuminate  the  floor. 

T.  H.  Piser: — About  what  would  the  illumination  on  the  side 
walls  be  if  you  had  6  foot-candles  on  the  floor?  Would  it  be 
in  the  same  proportion? 

B.    J.    Bean : — It   would   be    about   the   same   proportion. 

R.  C.  Ware : — In  most  rug  and  carpet  stores  there  is  usually 
a  dim  religious'  gloom  which  makes  it  difficult  to  get  what  you 
are  really  after.  I  should  think  that  6  foot-candles  would  be 
preferable,  and  I  do  not  believe  you  would  get  any  undue  light 
effect  from  the  side  walls,  for  the  reason  that  in  a  room,  as  nar- 
row as  this  the  light  striking  the  lower  parts  of  the  walls  would 
be  incident  at  such  an  angle  that  the  illumination  would  be  less 
than  the  illumination  on  the  floor  where  the  light  came  in  a  more 
nearly  perpendicular  direction. 

B.  J.  Bean : — I  suppose  in  selecting  the  type  of  illuminants, — 
whether  a  large  central  source  or  a  larger  number  of  smaller 
units, — the  wishes  of  the  proprietor  of  the  store  must  be  taken 
somewhat  into  account,  as  he  presumably  is  going  to  pay  for  it, 
ancl  there  are  times  and  places  where  the  appearance  may  be  of 
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more  importance  to  him  than  the  actual  high  grade  of  the  illu- 
mination. He  may  want  his  store  to  look  bright  from  the  out- 
side as  people  look  in.  There  are  certain  classes  of  stores  which 
absolutely  demand  their  light  sources,  and  whose  proprietors  feel 
that  unless  they  are  getting  their  light  sources  they  are  not 
getting  what  they  want,  and  I  presume  it  is  the  duty  of  the  il- 
luminating engineer  to  strike  a  balance  between  the  demands 
of  his  profession  and  the  wants  of  his  customer.  So  in  this  case 
I  think  that  perhaps  might  have  a  great  deal  to  do  with  deciding; 
which  should  be  used,  whether  a  lamp  like  the  arc  lamp  or  prac- 
tically three  times  as  many  smaller  sources.  As  has  been  said, 
local  circumstances  must  finally  be  considered. 

R.  C.  Ware: — Individual  light  sources  will,  of  course,  give  a 
very  even  and  satisfactory  illumination,  but  I  think  that  in  gen- 
eral practice  it  will  be  found  that  where  so  many  units  are  nec- 
essary and  such  a  large  area  has  to  be  covered,  the  bother  of 
turning  on  and  off  these  individual  lights,  unless  arranged  with 
some  general  switch,  would  be  too  much  for  the  average  store- 
keeper. From  that  point  of  view  the  arcs  would  be  preferred  by 
the  customer  and  also  for  the  reason  that  they  are  more  spec- 
tacular in  effect  and  give  the  appearance  of  more  light  in  the 
store,  though  there  may  be  actually  less  illumination. 

T.  H.  Piser : — I  would  like  to  ask  Mr.  Bean  about  his  consump- 
tion, where  he  uses  arcs  and  single  units.  Apparently  he  has 
about  the  same  intensity  on  the  plane.  Perhaps  we  could  get  a 
comparison  between  the  use  of  those  two  units  on  the  total  con- 
sumption. 

B,  J.  Bean : — Using  prismatic  reflectors  with  single  units,  the 
consumption  is  lOO  cubic  feet  against  167  cubic  feet  with  the  arc 
lamps. 

N.  W.  Gifford : — Where  close  economy  is  practiced,  as  it  is 
sometimes  in  lighting,  with  the  single  units  the  merchant,  if  he 
was  displaying  light  colored  goods  altogether  on  his  floor,  as  for 
instance  some  lines  of  matting,  might  turn  out  one  row  of  lights, 
■ — say  the  central  row,  and  still  get  plenty  of  light.  I  have  in 
mind  one  customer  who  has  a  store  with  gas  arcs  of  a  type 
whereby  a  part  or  all  of  the  mantles  can  be  lighted,  and  I  be- 
lieve it  is  his  general  practice  as  the  shades  of  evening  fall,  to 
turn  off  one  or  two  mantles  in  each  arc  and  then  as  the  darkness 
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grows,  to  turn  on  more  of  them.  He  thinks  he  is  saving  some 
money  and  I  presume  he  is  but  it  merely  goes  to  show  the  variety 
of  ideas  you  must  be  ready  to  meet. 

L.  Brent  Foster: — One  of  the  gentlemen  spoke  about  the  cus- 
tomer objecting  to  expense.  My  practical  experience  has  been 
that  the  customer  will  say:  ''I  am  burning  so  many  lights  here, 
— how  many  are  you  going  to  burn?"  In  other  words  it  is  his 
bill  that  counts.  With  an  original  installation  we  do  not  have  so 
much  trouble,  but  if  you  can  show  him  where  he  can  reduce 
his  bill  he  is  pretty  well  satisfied  and  will  let  you  go  ahead. 

As  I  understood  the  question  here,  we  were  to  merely  Hght  the 
store,  which  is  102  feet  long.  In  lighting  a  carpet  store,  as 
one  gentleman  has  said,  we  do  need  a  strong  light,  but  you  want 
to  take  into  consideration-  that  4  foot-candles  is  very  good  light. 
In  desk  illumination,  which  perhaps  requires  as  much  light  as 
any  normal  condition,  5  foot-candles  is  ample.  If  you  get  4 
foot-candles  practically  even  with  proper  reflectors,  I  think  you 
will  have  no  trouble  with  the  intensity.  I  figured  at  about  4.2 
foot-candles.  The  factors  to  be  considered  are  how  much  light 
we  want;  how  we  shall  get  it;  what  we  wish  to  light;  the  plane 
of  illumination  and  quality  of  light.  The  quality  of  the  light  in 
this  case  is  almost  as  important  as  the  intensity,  for  this  rea- 
son,— a  carpet  store  has  got  to  be  illuminated  by  a  quality  of 
light  which  will  in  some  way  bring  out  fairly  the  effect  of  day- 
light, and  in  trial  of  our  reflectors  I  found  that  the  satin  finish 
reflector  to  be  as  near  sunlight  as  is  obtainable  and  I  have  there- 
fore used  it  in  this  case.  I  have  illuminated  this  room  83  feet 
back.  The  portion  to  be  lighted  is  then  21  x  84  or  1764  square 
feet.  How  are  we  going  to  distribute  the  light  and  where  are 
w^e  to  place  the  lamps?  It  just  happens  in  this  case  that  it 
comes  out  very  nicely.  100  watt  tungsten  lamps  will  just  fit 
in  there,  but  in  some  cases  that  is  not  so,  and  we  would 
have  to  get  the  proper  illumination  with  some  other  size  of 
lamp.  First  I  found  my  area  in  square  feet  and  then  deter- 
mined the  foot-candles  I  wanted.  Then  I  determined  what 
factor  I  wanted  as  a  divisor.  The  divisor  is  different  for  dif- 
ferent light  sources.  In  our  particular  case  I  am  using  4.2 
because  I  am  using  satin  finish  reflectors.  The  walls  are  dark 
and  the  ceiling  light.     The  color  of  the  walls  and  ceiling  deter- 
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mine  your  factor.  The  first  thing  is  to  divide  the  room  length- 
wise in  half.  This  does  away  with  a  big  part  of  the  problem. 
We  are  proceeding  upon  the  plan  of  general  illumination  to- 
night. I  have  divided  the  space  into  squares  of  lo^  feet  each, 
and  have  83  feet  back  to  go.  There  are  seven  of  the  squares 
along  the  sides.  The  shelves  do  not  run  back  the  entire  distance 
so  in  that  case  I  put  some  light  in  the  rear  where  it  is  needed. 
With  100  watt  lamps  I  found  by  using  17,  one  in  the  center  of 
each  square,  that  the  illumination  comes  out  almost  even.  Each  of 
these  squares  of  10^  feet  is  illuminated  by  one  100  watt  lamp 
with  I — 9  satin  finish  reflector.  How  high  shall  these  be  ?  We  come 
now  to  the  shelves.  The  shelving  in  this  case  is  7  ft.  5  in.  in  height. 
These  shelves  are  filled  on  the  top  with  carpeting.  This  par- 
ticular shelf  is  9  ft.  high  packed  with  carpeting,  but  underneath  is 
also  filled  with  carpeting,  giving  us  a  dark  wall.  As  I  said  at  the 
beginning,  the  plane  of  illumination  is  the  floor.  Now  we  have 
to  take  in  the  practical  end  of  it.  They  do  not  sell  the  carpeting 
from  nine  feet  above  the  floor.  They  sell  it  from  the  floor.  The 
customer  may  say  he  wants  to  see  some  pattern  up  on  the  shelves 
but  they  do  not  show  it  from  the  shelves.  They  show  it  on  the 
floor.  There  will  be  light  enough  on  the  shelves  to  see  all  that  is 
necessary.  We  will  place  the  reflectors  9  ft,  above  the  floor  or 
plane  of  illumination  because  we  must  have  a  strong  light  on 
the  floor.  With  an  intensive  type  of  reflector  we  see  that  we  get 
a  pretty  intense  and  uniform  light  on  the  floor.  It  does  not  take 
very  much  imagination  to  take  a  space  10^  feet  square,  place  a 
100  watt  lamp  above  it  in  the  center  and  see  that  there  is  no  part 
of  that  space  where  you  will  not  get  an  even  and  strong  distri- 
bution. As  the  lights  are  uniform  throughout  the  room,  the  re- 
sult will  be  uniform.  You  could  turn  out  some  of  the  lamps 
and  I  may  say  that  it  is  a  very  simple  thing  to  put  in  a  switch 
which  will  command  four  lights  at  a  time.     This  illumination  is 

,  ,  .      ,  ,       ^.      ,  1    area  X  foot-candles        .         . 

obtamed  by  the  formula ^ — =  illummation, — 

factor 

this  case  being  divided  by  the  proper  factor, — and  on  this  oc- 
casion we  consider  walls  and  ceiling  dark,  we  divided  by  5  with 
clear  reflectors  and  if  they  are  satin  reflectors  we  let  it  down  a 
little  more.  That  is  only  the  first  part  of  the  problemi.  In  this 
particular  room  it  worked  out  nicely.     But  on  the  other  hand  if 
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this  room  had  been  ten  feet  wider,  you  see  it  would  have  thrown 
off  this  whole  scheme,  and  in  that  case  you  would  have  to  re- 
figure  this  light  for  distribution.  I  should  probably  have  used 
150  watt  lamps  then.  I  believe  the  principal  factor  in  illumina- 
tion is  light,  if  you  get  it  where  you  want  it  and  get  the  quality, 
which  I  believe  you  will  with  a  tungsten  lamp  and  satin  reflector. 
If  we  put  the  lamp  9  ft  above  the  floor,  and  use  the  intensive  re- 
flector, we  have  even  distribution  of  light.  Then  comes  the  last 
question  which  brings  up  the  objection  to  general  lighting,  that 
is,  shadows.  I  believe  it  was  Dr.  Bell  who  said  that  a  room  with- 
out shadows  is  just  as  bad  as  a  room  with  too  many  shadows, 
and  I  have  found  that  true  in  my  experience.  The  eye  must  have 
something  to  grasp.  A  little  shadow  nere  and  there  is  not  bad, 
and  the  only  real  objection  that  I  have  heard  constantly  put 
forth  to  general  lighting  is  this  question  of  shadows.  I  think  we 
have  proved  that  we  can  light  a  room  by  general  illumination 
and  have  it  lighted  well.  I  could  have  paid  attention  to  this 
part  of  the  store  here,  of  course.  I  understood,  however, 
that  the  lighting  of  the  carpet  room  was  what  was  wanted. 
I  think  lighting  a  window  is  a  matter  that  rests  largely  with 
the  proprietor,  as  to  how  much  he  is  willing  to  pay  for  it. 
I  have  seen  windows  in  Jersey  City  with  275  foot-candles. 
I  think  window  lighting  is  an  unsatisfactory  subject  for  dis- 
cussion as  to  intensity  for  it  rests  so  largely  with  the  pro- 
prietor, as  to  the  amount  of  light  he  is  willing  to  use. 

C.  W.  Cartwright: — Mr.  Foster  spoke  of  a  condition  which 
would  exist  if  the  store  was  ten  feet  wider.  That  would  be 
about  half  as  wide  again  for  the  main  portion  of  the  store.  Why 
would  it  not  be  advisable  under  those  circumstances  to  use  light- 
ing units  of  the  same  size,  only  to  use  an  additional  row^? 

L.  Brent  Foster: — I  think  to  get  the  ideal  illumination  you  are 
right.  When  I  tried  that  scheme  out  first  I  had  three  rows  in 
there,  which  was  more  the  ideal  illumination,  but  as  as  been 
said,  when  you  put  in  too  many  outlets  the  customer  complains. 
If  I  had  the  say  of  it  I  should  put  three  rows  in,  but  I  am 
afraid   if   I  should  do  that  the  customer  would  object. 

R.  C.  Ware : — What  would  be  the  effect  of  extensive  reflectors 
instead  of  intensive? 

L.  Brent  Poster: — An  extensive  reflector  reflects  its  light  al-' 
most  directly  from  the  globe.  One  shelf  is  9  feet  high  and  the  other 
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one  7  feet.  An  extensive  reflector  9  feet  from  the  floor,  where 
the  plane  of  illumination  is  a  desk,  is  all  right.  With  an  exten- 
sive reflector  the  light  directly  under  that  reflector  is  very  much 
less  than  the  light  at  45  degrees.  The  plane  of  illumination  in 
this  case  is  the  floor,  and  the  light  has  to  be  strong.  With  an 
extensive  reflector  you  would  get  what  you  needed  in  your  light 
in  the  middle  of  the  floor,  but  in  other  places  you  would  be  in 
shadow  very  strongly  on  the  floor.  Give  the  extensive  reflector  a 
spread  of  light  of  10^  feet  and  it  is  at  its  best,  but  you  have 
only  five  feet  here  and  you  will  catch  the  extensive  reflector  at 
its  weakest  point.  If  its  plane  of  illumination  were  2^  or  3 
feet,  it  would  be  all  right. 

A.  T.  Sampson: — What  would  be  the  effect  if  you  used  the 
focusing  type  of  reflector  on  a  spread  of  that  kind?  AVe  have 
had  some  very  good  results  with  it. 

L.  Brent  Foster: — If  you  used  in  this  particular  case  three 
rows  of  these  lights  you  would  get  very  excellent  results. 

A.  T.  Sampson: — Would  you  not  get  good  results  with  two 
rows?     There  is  considerable  spread  to  them. 
•  L.  Brent  Poster: — Yes,  but  at  the  expense  of  the  shelf  lighting. 

C.  H.  Smith: — I  would  like  to  take  exceptions  to  one  of  Mr. 
Foster's  remarks.  I  think  the  day  has  passed  when  the  customer 
considers  his  lighting  bill  entirely.  When  the  tungsten  lamp  first 
came  out  it  was  sold  by  men  who  dwelt  upon  the  merits  of  its 
low  current  consumption.  I  do  not  believe  that  condition  exists 
now.  The  man  of  to-day  is  not  trying  to  cut  down  his  current 
bill,  but  is  taking  three  times  the  illumination  he  had  before  and 
is  pleased  with  the  proposition  he  has.  I  think  that  is  the  con- 
dition that  exists  to-day,  and  I  think  the  lighting  companies  have 
found  this  true,  and  that  is  the  reason  they  push  the  tungsten 
lamp  as  they  do.  If  they  thought  the  tungsten  lamp  would  really 
reduce  the  current  to  one-third  of  their  output  they  would  not 
push  that  lamp.  Of  course  the  tungsten  lamp  has  made  them 
sell  heaters,  etc.,  but  the  merchant  cannot  do  as  he  is  doing  in 
his  store  by  reducing  his  current  bill. 

A.  T.  Sampson: — I  find  that  if  a  dealer  fits  out  his  store  so 
that  it  is  lighted  20  or  50  per  cent,  better  than  his  neighbors, 
they  will  very  soon  get  into  line. 

H.  W.  Karstens : — At  the  present  time  I  am  on  industrial  plant 
lighting  only,  but  previous  to  that  I  did  a  lot  of  work  for  a 
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lighting  corporation  in  New  Jersey,  and  during  that  time  com- 
plaints came  in  one  after  another  of  bills  being  too  high,  and  in 
many  cases  I  found,  as  Mr.  Smith  says,  that  the  merchant  was 
looking  for  results  and  did  not  think  he  was  getting  them.  He 
was  kicking  about  his  bill,  but  it  was  because  he  was  not  getting 
results  even  though  his  bills  were  high.  In  one  case  I  found  a 
merchant  whose  bills  were  $75  to  $80  a  month.  He  put  in 
tungsten  lamps  and  cut  down  the  bill  to  $45  or  $50  a  month. 
He  had  a  basement  and  back  room  which  he  had  not  been  light- 
ing before,  and  he  was  so  pleased  that  he  said  he  could  now  afford 
to  light  his  basement  and  back  room.  The  first  thing  we  knew 
there  was  an  additional  amount  of  $20  per  m.onth.  He  then  put 
in  an  electric  sign,  saying  he  was  now  ^'etting  results,  and  to-day 
that  man  is  paying  $110  a  month  and  is  satisfied  with  the  results 
he  is  getting.  That  proves  that  in  all  cases  they  are  not  looking 
for  an  economical  way  of  lighting  only. 

In  industrial  lighting  we  are  talking  absolutely  against  the  use 
of  flat  shades  to-day.  We  are  putting  out  almost  entirely  bowl 
type  reflectors,  and  a  man  looking  up  at  the  bright  light  sources, 
as  one-  gentleman  brought  out,  becomes  used  to  it  and  in  many 
cases  we  have  got  to  use  bare  lamps.  When  the  men  come  to 
look  up  at  their  unit  it  is  very  deceiving.  They  are  not  looking 
at  the  plane  they  are  working  on  but  at  the  light  source.  I  find 
considerable  trouble  in  factories  and  mills.  The  operators  are 
accustomed  to  using  a  flat  tin  shade  with  bare  lamps  exposed. 
The  eye  has  become  ruined  and  when  I  come  along  with  a  bowl 
type  reflector  and  cover  up  the  filament  they  say  it  is  not  satis- 
factory. They  have  got  to  educate  themselves  to  the  use  of  the 
reflector. 

In  the  store  under  discussion  the  quality  of  light  would  be  just 
as  essential  as  the  quantity.  In  a  large  furnishing  house  of  which  I 
know,  they  had  of  course  different  grades  of  rugs,  and  for  the 
cheaper  grades  they  used  carbon  lamps.  If  they  used  tungstens 
they  would  show  up  the  material  too  much  and  could  not  sell 
the  rugs,  so  they  had  to  use  carbon  lamps  on  the  cheap  grades 
to  make  them  appear  warmer  in  tone.  In  this  store  under  con- 
sideration I  think  with  satin  finish  reflectors  and  tungsten  bowl 
frosted  you  would  get  very  good  results.  But  according  to  this 
diagram  I  would  not  use  anything  other  than  the  intensive  type 
If  you  used  a  strong  concentrator  you  would  get  a  spot  light. 
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MAY  12,   1910. 

At   the   Council   meeting   held   ]\Iay    12,   those   present    were: 

President  E.  P.  Hyde,  Louis  Bell,  h.  B.  ]\Iarks,  Joseph  D. 
Israel,  C.  O.  Bond,  George  Ross  Green,  A.  S.  McAllister  and 
Preston  S.  Millar. 

An  abstract  of  the  minutes  of  the  previous  meeting  was  read 
and  approved.  President  Hyde  then  stated  that  he  had  explained 
to  prominent  members  of  the  Chicago  Section  that  on  account 
of  the  arrangement  with  the  Johns  Hopkins  University  the 
tentatively  extended  invitation  to  hold  the  annual  convention 
in  Chicago  could  not  be  accepted  at  the  same  time.  The  Chicago 
Section,  Dr.  Hyde  said,  was  well  pleased  with  the  selection  of 
Johns  Hopkins  University  for  the  convention  and  with  the 
lecture  course  arrangements. 

L.  B.  Alarks,  chairman  of  the  finance  committee,  read  a  report 
of  which  the  following  is  an  abstract.  The  committee  met  May 
I2th  and  approved  the  payment  of  vouchers  495  to  497  inclusive 
and  vouchers  498  to  518  inclusive,  aggregating  $837.38.  The 
committee  recommended  that  the  Society  accept  the  proposal  of 
W.  S.  Pang-born  to  prepare  a  monthly  trial  balance  and  audit 
the  books  of  the  Society  once  a  year  at  a  cost  of  $75.00  annually. 
Upon  motion  duly  seconded  and  carried  Mr.  Pangborn's  offer 
was  accepted. 

The  question  of  a  more  prompt  issuance  of  the  Society's 
Transactions  was  formerly  discussed.  The  sentiment  of  the 
meeting  was  that  an  effort  should  be  made  to  have  the  Trans- 
actions appear  regularly  and  as  promptly  as  possible  after  each 
monthly  meeting. 

Preston  S.  Miller,  General  Secretary,  presented  a  financial 
report  of  the  Society  for  the  first  four  months  of  1910.  During 
this  period,  according  to  the  report,  the  receipts  were  $5610.21 
and  the  disbursements  $2350,85,  leaving  a  surplus  (May  ist")  of 
$3259.36;  accounts  receivable  $2106;  accounts  payable  $498.02. 
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The  report  included  a  status  of  the  membership,  which  showed 
that  63  were  lost  through  resignation  and  decease  and  that  278 
members  were  delinquent. 

A  Committee  on  Section  Development,  the  appointment  of 
which  had  been  under  consideration  for  some  months,  was 
appointed  by  the  President  and  approved  by  the  Council.  The 
committee  consists  of  the  following: 

General  Secretary,  Chairman,  Ex  Officio;  Secretary  Chicago 
Section,  Ex  Officio;  Secretary  New  England  Section,  Ex  Officio; 
Secretary  New  York  Section,  Ex  Officio ;  Secretary  Philadelphia, 
Section,  Ex  Officio. 

Upon  motion  duly  seconded  and  carried,  Dr.  McAllister  was 
appointed  a  committee  of  one  to  look  after  the  indexing  of  the 
Society's  Transactions,  the  index  to  be  ready  August  ist  and  to 
cost  not  more  than  $100. 

As  to  the  policy  of  exchanging  publications,  while  the  main- 
tenance of  a  library  of  exchange  publications  was  not  deemed 
advisable,  the  desirability  of  distributing  the  Transactions  broadly 
was  acknowledged  by  the  meeting.  Such  practice  it  was  thought 
would,  at  least,  benefit  the  Society  indirectly.  After  a  dis- 
cussion the  General  Secretary  was  requested  to  present  at  the 
next  council  meeting  a  list  of  desirable  exchanges  which  might 
be  added  to  the  list. 

A  letter  was  read  from  Professor  Richtmeyer  of  Cornell 
University  asking  that  a  chapter  of  the  Society  be  established 
at  Cornell.  The  advisability  of  this  procedure  was  discussed  at 
length.  It  was  admitted  that  the  Society's  objects  would  be 
promoted  by  having  sections  at  technical  schools,  but  that  the 
time  was  not  yet  opportune  to  institute  such  branches.  The 
secretary  was  directed  to  write  Professor  Richtmeyer  that  the 
Council  would  consider  his  letter  and  later  on  such  plan  as  he 
proposed  might  be  followed. 

The  following  applications  for  membership  were  presented,  all 

of  the  applicants  being  elected : 

Beedle,  H.  W.,  Bell  Telephone  Co.  of  Can.,  Montreal,  Can. 
Brooks,  James  C,  Phila.  Elec.  Co.,  1000  Chestnut  Street,  Philadelphia. 
Chapman.  H.  W.  Holophane  Co.,  30  Church  Street,  New  York. 
Clover,  G.  R.,  Cooper-Hewitt  Elec.  Co.,  40  Dearborn  Street,  Chicago. 
DoDSON,  Herbert  K.,  100  West  Lexinj^ton  Street,  Baltimore.  Md. 
Harm  AN,  Geo.  H.,  Mitchell  Vance  Co.,  836  Broadway,  New  York. 
Presbrey,  John  S.,  Holophane  Co.,  36  West  39th  Street,  New  York. 
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ROBB,  James  S.,  Mitchell  Vance  Co.,  507  West  24th  Street,  New  York. 
SCRIBNER,  I.  F.,  Amesbury,  Mass. 

Topping,  Alanson  N.,  Instr.  Elec.  Eng.,  Purdue  U.,  Lafayette,. Ind. 
Vaughn,  Francis  A.,  Vaughn  &  Meyer,  271  31st  Street,  Milwaukee. 
WenzeIv,  Herman  W.,  2209  North  22d  Street,  Philadelphia. 

The  names  of  the  following  deceased  members  were  dropped 

fromi  the  roll: — C.  J.  Toerring;  H.  J.  Buddy. 


SECTION    MEETIIS^GS. 


PHILADELPHIA    SECTION. 

A  meeting  of  the  Philadelphia  Section  of  the  Illuminating  En- 
gineering Society  was  held  April  15,  1910,  at  8:15  p  m.,  in  the 
assembly  room  of  the  Philadelphia  Electric  Company  building, 
1000  Chestnut  Street.  There  were  78  members  and  21  visitors 
present. 

Wm.  Copeland  Furber  presented  a  paper  entitled,  "Archi- 
tecture and  Illumination."  The  paper  was  illustrated  by  lant- 
ern slides,  showing  effects  of  illumination  upon  architecture  in 
many  parts  of  the  world,  chiefly  in  Germany  and  the  rest  of 
the  continent, 

NEW  ENGLAND  SECTION 

The  meeting  of  the  New  England  Section  on  May  9,  was 
called  to  order  by  Mr.  J.  S.  Codman  in  the  absence  of  the  chair- 
man. The  matter  of  revision  of  by-laws,  on  which  notice  was 
given  at  the  last  meeting,  was  taken  up  for  discussion,  and  it 
was  voted  that  the  by-laws  be  amended  as  previously  indicated, 
for  the  purpose  of  bringing  them  into  harmony  with  those  of  the 
parent  society.  Mr.  Codman  then  called  upon  Mr.  Baker,  who' 
read  an  interesting  paper  dealing  with  street  illumination.  A 
discussion  followed,  after  which  the  speaker  was  tendered  a 
vote  of  thanks.     There  wxre  nineteen  present. 

CHICAGO    SECTION 

By  courtesy  of  the  custodian  and  chief  electrical  engineer,  the 
Chicago  Section  of  the  Illuminating  Engineering  Society  met 
in  the  Federal  Building,  on  Thursday,  May  19,  to  inspect  the 
lighting  arrangement  of  the  building-. 

Mr.  Richardson,  chief  electrician,  condticted  approximately 
twenty  members  of  the  Section  tli rough  the  four  Federal  court 
rooms,  which  were  lighted  with  several  rows  of  40-watt  tungsten 
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lamps  studded  in  the  ceilings,  together  with  numerous  side  wall 
bracket  lights. 

As  the  side  walls  of  these  rooms  have  marble  panels  up  to 
within  approximately  15  ft.  from  the  floor,  the  lighting  erfect 
was  not  all  that  could  be  desired,  but  Mr.  Richardson  explained 
that  they  were  working  to  improve  that  condition.  The  lighting 
in  the  court  room  was  not  adequate  to  properly  illuminate  the 
costly  paintings  located  around  the  borders  of  the  rooms,  and 
Mr.  Richardson  explained  that  he  had  tried  several  methods  to 
accomplish  the  desired  result,  but  owing  to  the  layout  of  the 
rooms  good  results  were)  practically  impossible.  He  further 
explained  that  trough  lighting  a  few  feet  in  front  of  painungs 
at  the  top  would  serve  admirably  for  the  purpose  but  the  con- 
struction of  the  building  made  this  impossible. 

The  corridors  were  well  lighted  exclusively  by  small  ceiling 
fixtures,  employing  40-watt  tungsten  lamps.  The  lobby  proper 
was  lighted  by  studded  lamps  in  the  various  columns  with  a 
large  dome  in  the  top. 

yir.  Richardson  conducted  the  i;arty  through  the  main  sorting 
room  on  the  fourth  floor,  wdiich  w^as  equipped  with  Cooper- 
Hewitt  tubes  for  the  general  illumination,  and  series  tungsten 
lamps  for  the  lighting  over  the  sorting  cases. 

I\Ir.  Richardson  carefully  explained  the  various  appliances 
and  arrangements  used  for  operating  the  machinery  and  hand- 
ling the  material,  after  wdiich  a  short  meeting  of  the  Section  was 
held  in  Mr.  Richardson's  office,   ]\Ir.  Albert  Scheible  presiding. 

Secretary  T.  R.  Beebe  outlined  the  report  of  the  General 
Council  made  April  12,  calling  special  attention  to  the  resolution 
to  extend  a  vote  of  thanks  to  the  Chicago  Section  for  its 
invitation  to  hold  the  next  convention  of  the  Society  in  Chicago, 
but  wdiich  it  was  not  considered  advisable  to  accept,  owning  to  the 
plan  for  a  series  of  lectures  at  the  Johns  Hopkins  University. 

Chairman  Scheible  announced  the  appointment  of  the  follow- 
ing nominating  committee  to  report  at  the  June  Meeting  for  the 
annual  election  of  officers : 

]\Iessrs.  Keech,   Howe,   and  Earnhardt. 

A  vote  of  thanks  was  tended  to  Mr.  Richardson  and  to  the 
custodian  of  the  Federal  Building. 
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A  paper  presented  at  a  meeting  of  the  New 
England  Section  of  the  Illuminating  Engineer- 
ing Society,  Boston,  Mass.,  April  11,  igio. 


STREET   PHOTOMETRY. 


BY    LOUIS    BEEL. 


This  is  really  a  very  informal  talk  on  the  problem  of  street 
photometry — the  particular  things  which  one  encounters  when 
he  goes  outside  of  his  comfortable  photometer  room  and  under- 
takes to  form  a  judgment  (be  it  more  or  less  correct)  on  the 
light  which  is  being  obtained  in  the  street,  for  the  purely  utilita- 
rian purpose  of  evaluating  that  light  for  practical  use.  As  we 
all  know,  photometry  is  not  an  entirely  easy  matter  at  best.  Even 
the  best  of  our  instruments  and  the  most  reliable  of  our  stand- 
ards still  give  us  outstanding  errors  of  a  degree  which  is  large 
compared  with  most  other  physical  measurements.  (3ne  can 
measure  i/iooo  of  a  millimeter  in  evaluating  the  length  of  a 
meter.  In  the  matter  of  weighing  one  can  weigh  a  kilogramme 
without  any  particular  difficulty  down  to  one  part  of  a  million. 
In  measurements  of  resistance  one  can  perhaps  not  get  easily 
quite  as  high  a  figure  of  accuracy  as  that  but  can  do  very 
creditable  work  indeed.  But  when  we  come  down  to  photometric 
measurements  it  means  not  to  ore  part  in  a  million  or  to  one 
part  in  a  thousand,  but  to  one  part  in  a  hundred,  or  one  part 
in  three  or  four  hundred  in  very  careful  work. 

So  we  must  realize  that  we  are  dealing  in  all  photometric 
work  not  with  the  highest  degree  of  precision  but  with  a  de- 
gree of  precision  which  is,  commercially  speaking,  reasonably 
satisfactory  provided  it  is  carried  out  with  all  the  necessary  re- 
finements. Our  standards  of  electromotive  force  may  perhaps 
be  down  to  one  part  of  a  thousand  easily  or  with  difficulty  (ac- 
cording to  the  care  we  take)  but  when  it  comes  to  photometric 
measurements  we  are  tackling  a  thing  of  entirely  different  char- 
acter. We  are  up  against  the  power  of  the  eye  to  discriminate 
between  two  shades  which  are  nearly  alike  and  yet  not  quite 
alike.  It  is  stated  by  Helmholz  that  this  fraction  varies  from 
about  one  part  in  50  to  about  one  part  in  150  under  various  cir- 
cumstances.    With  very  careful  conditioning  of  the  eye  we  can 
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do  rather  better  than  that,  so  that  on  the  whole  in  the  laboratory 
(granted  the  comparison  of  two  lamps  of  not  too  widely  different 
intensity  and  not  too  different  color)  one  can  come  down  to  a 
precision  which  is  well  under  one  per  cent.,  depending  again 
somewhat  on  the  training  of  the  eye,  the  experience  of  the  ob- 
server and  the  character  of  the  apparatus.  I  usually  expect 
to  make  the  actual  settings  within  one-half  of  i  per  cent,  by 
the  use  of  a  Lummer-Brodhun  screen  and  a  carefully  darkened 
photometer  room.  With  great  care  the  same  apparatus  can  work 
down  to  perhaps  one-fourth  of  i  per  cent,  of  average  error. 
With  the  Bunsen  photometer,  as  commonly  used,  the  variation 
would  be  two  or  three  times  as  great  as  this.  With  certain 
forms  of  the  Bunsen  photometer  (in  which  the  grease  spot 
is  not  a  grease  spot  but  a  translucent  material  between  two 
opaque  substances)  forming  a  carefully  shaped  narrow  pointed 
and  many  pointed  star,  the  variation  may  be  cut  down  to  a  mean 
deviation  of  one-half  per  cent. 

That  is  all  right  in  the  photometer  room,  but  on  the  street  your 
troubles  begin.  In  the  first  place  you  are  dealing  usually  with 
lights  of  different  color  from  the  standard,  and  that  introduces 
at  once  the  errors  of  heterochromic  photometry.  Then  instead 
of  having  a  standard  lamp  worked  off  a  large  storage  battery 
under  the  most  favorable  conditions,  you  have  a  small  standard 
worked  off  a  battery  with  all  the  errors  of  the  voltmeter  added 
to  it,  a  lamp  which  is  subject  not  to  the  variations  of  the  lab- 
oratory but  to  the  variations  which  you  find  in  the  difficult  work 
on  the  street,  with  varying  stray  light  and  varying  conditions 
and  surroundings,  so  that  the  instrumental  errors  are  probably 
at  least  twice  as  great,  and  more  likely  three  or  four  times  as 
great,   as  they  are  in  the  case  of  a  laboratory  photometer. 

Nevertheless,  if  you  could  get  within  one  or  two  per  cent,  for 
your  illumination  on  the  street,  there  would  be  very  little  reason 
to  complain,  but  it  is  the  unfortunate  fact,  as  all  of  us  who  have 
gone  into  street  photometry  have  found  to  our  sorrow,  that  the 
instrumental  errors  are  only  the  beginning  of  our  troubles.  In 
the  first  place  think  what  you  have  to  do  when  you  are  going 
out  on  the  street  to  measure  the  light  given  by  a  street  lamp.  We 
have  all  our  common  photometric  difficulties  to  begin  with  and 
then   we  have  the  still  greater  difficulties  which  are  incident  to 
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the  fact  that  we  are  deahng  with  a  Hght,  of  the  constancy  of 
which  we  are  not  sure,  or  rather  of  the  inconstancy  of  which 
we  are  sure. 

Take,  for  example,  a  street  Welsbach  Hght.  Now  the  Wels- 
bach  light  has  a  pretty  good  reputation  for  constancy.  Indeed, 
as  lights  go,  it  is  not  bad ;  but  we  have  no  method  of  measur- 
ing the  pressure  which  is  being  applied  at  the  moment  to  that 
lamp.  We  know  that  the  pressure  varies.  We  know  that  the 
drafts  around  the  lamp  shift  its  illuminating  value  to  a  very 
considerable  degree — 10,  20,  or  30  per  cent. — and  a  very  curious 
fact  has  come  up  with  respect  to  the  inverted  Welsbach  light 
which  otherwise  is  very  beautiful,  that  it  is  hypersensitive  to 
changes  in  pressure,  for  the  very  simple  reason  that  the  Bunsen 
flame  in  these  lamps  is  driven  down  hard  against  the  natural 
currents  of  air.  Every  shift  in  the  wind,  every  little  puff  of  air, 
every  change  in  pressure  of  gas,  becomes  exaggerated.  So  instead 
of  having  the  nicely  adjusted  lamp  which  we  have  in  the  labora- 
tory, we  have  a  light  (and  a  very  good  light  it  may  be)  the 
value  of  which  is  shifting,  not  in  a  periodic  manner  but  in  an 
erratic  manner. 

However  continuously  we  use  our  photometer,  we  are  in 
close  touch  with  these  irregular  variations,  and  we  cannot  tell 
where  we  are  because  we  cannot  get  a  meter  intO'  the  pipes  or  gas 
mains  for  measuring  the  pressure  and  telling  us  the  facts.  Now 
suppose  you  photometer  a  lamp  of  that  kind  ever  so  carefully, 
your  errors  of  photometry  may  be  in  all  about  2  per  cent,  if 
you  are  lucky  and  careful.  You  come  around,  we  will  say,  at 
8.15  and  you  get  a  value,  which  may  be  10  candle-power  high; 
you  come  around  again  at  9.30  and  you  get  a  value,  which  may 
be  15  or  20  candle-power  low;  and  so  on  all  through  the  even- 
ing. 

The  consequence  is  that  when  you  start  out  on  a  career  of 
street  photometry  you  may  by  accident  get  the  mean  value.  The 
chances  are  extremely  great  that  instead  of  getting  that,  you 
either  get  some  group  of  the  high  values  or  a  group  of  the  low 
ones ;  and  if  you  come  back  in  an  hour  or  so  you  do  not  know 
whether  you  are  going  to  get  a  pressure  which  might  average 
up,  or  one  which  will  produce  an  added  error  in  the  same  direc- 
tion.    The   result   is   that   the   light   as   measured  on  the   street. 
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even  with  all  the  photometric  errors  eliminated,  is  subject  to  an 
error  of  lo  or  20  per  cent.  I  do  not  think  that  is  exaggerating 
it  at  all.  ' 

Suppose  you  say  that  you  know  the  Welsbach  is  variable,  so 
you  will  take  an  incandescent  on  the  street.  We  will  start  again, 
with  our  mean  value.  Your  incandescent  lamp  is,  for  a  given 
current,  fairly  uniform,  but  the  given  current  w^e  \vill  say  is 
5  amperes.  The  light  should  be  uniformly  steady.  But  no  man 
is  in  position  to  say  whether  he  is  getting  one-tenth  ampere  high 
or  one-tenth  low  at  any  particular  time,  on  account  of  shifting 
in  the  regulator,  on  account  of  inevitable  leakage  or  a  dozen 
other  things  which  may  temporarily  for  a  few  moments  or  half 
an  hour  shift  the  value  up  or  down.  Consequently  you  will  get 
perhaps  a  very  steady  value,  perhaps  not.  You  may  get  a  light 
high  here  and  you  may  get  a  light  low  there.  If  you  measure 
at  one  point  and  by  happy  chance  get  tlie  right  value,  wdien  you 
come  back  again  you  may  get  another  mean  value  perhaps  one 
slightly  high  or  slightly  low.  The  variations  in  this  case  are  com- 
paratively small,  but  added  to  your  necessary  errors  of  photom- 
etry they  are  preceptible.     They  cannot  be  neglected. 

When  w^e  take  the  arc  lamp  see  where  wx  are.  The  arc  lamp 
let  us  say  starts  in  at  its  mean  normal  value.  In  the  first  place 
you  have  a  shifting  of  the  luminous  value  as  the  arc  goes  through 
the  process  of  burning  up  to  its  regulation  point  and  then  feed- 
ing, and  the  result  is  that  you  get  a  considerable  variation 
covering  a  period  which  depends  on  the  adjustment  of  each 
lamp.  You  might  find  the  feeding  period  of  the  lamp  and 
from  that  form  a  fair  judgment  as  to  what  the  mean  value 
would  he,  but  the  arc  is  walking  around  the  electrodes  and 
you  have  then  a  perfectly  unknow^n  curve  wdiich  is  super- 
added to  the  other.  The  consequence  is  that  the  whole 
phenomenon  becomes  aperiodic.  The  feeding  variations  are  very 
nearly  periodic  according  as  the  lamp  is  set.  The  variations 
added  by  the  walking  arcunrl  of  the  arc  on  the  electrode  may 
amount  to  10  or  20  per  cent,  even,  and  you  cannot  know  just 
what  the  conditions  are.  Then  there  are  still  added  to  that  varia- 
tions of  a  purely  accidental  character  which  no  man  can  tell  any- 
thing about.  The  light  is  continually  fluctuating,  always  giving 
variations,  1)ut  variations  of  unknown  sign  and  unknown  amount. 


bell:     street  photometry  269 

Consequently  when  you  come  to  photometer  the  lamp,  even  sup- 
posing your  photometric  work  is  carefully  and  reasonably  ac- 
curate, as  it  generally  is,  you  are  rather  in  a  quandary  as  to 
what  one  of  the  diverse  values  shall  be  read  and  what  one  of 
the  diverse  values  represents  something  like  the  mean  candle- 
power  of  the  lamp.  Now  the  variations  from  moment  to  moment 
and  from  ten  minutes  to  ten  minutes  could  be  evaluated  by  a 
sufficient  number  of  readings  if  it  were  not  for  the  influence  of 
the  psyschological  element.  You  set  up  your  photometer  and 
start  to  balance  it  against  an  arc  lamp.  Every  man  who  reads 
a  photometer  has  his  own  habit  of  balancing.  He  may  catch 
the  lamp  at  one  point  at  its  normal.  He  may  habitually  wait 
until  it  steadies  down  at  a  low  value,  quite  unconscious  of 
the  habit,  or  he  may  on  the  other  hand  instinctively  catch 
the  high  spots  only  and  get  a  value  5,  10,  15  or  20  per  cent, 
higher  than  the  normal.  I  have  met  photometrists  who  quite 
unconsciously  had  the  vicious  habit  of  reading  consistently 
either  high  or  low,  and  once  formed  the  habit  is  hard  to 
break.  The  result  is  that  you  have  for  your  errors,  A 
the  photometer  error,  plus  B,  the  error  due  to  the  actual 
fluctuations  of  the  lamp,  plus  C,  the  personal  equation  of  the 
man  who  is  making  the  readings.  The  sum  may  be  plus  or  minus 
to  an  extent  depending  on  the  maximum  fluctuations  of  the  light. 
The  arc  with  its  rapid  fluctuations  usually  accentuates  the  per- 
sonal error  but  nevertheless  you  are  subject  anyway  to  the  other 
two. 

The  net  result  is  that  the  error  in  street  photometry  (I  mean 
the  unavoidable  errors  so  far  as  we  are  able  to  ascertain  them) 
is  likely  to  be  a  good  many  times  the  bare  photometric  instru- 
mental error  and  that,  too,  is  aside  from  the  question  of  color. 

The  question  of  color,  so  far  as  photometry  of  street  illu- 
minants  goes,  I  think  is  rather  exaggerated.  The  actual  errors 
in  comparing  two  lights  of  varying  colors  are  obviously  somewhat 
greater  than  when  comparing  lights  of  the  same  color,  perhaps 
two  or  three  times  as  great,  but  with  a  little  practice  in  reading 
street  lights  it  is  astonishing  how  correct  a  judgment  of  general 
illumination  one  will  form, — or  at  least  how  uniform  a  judgment 
one  will  form,  which  is  not  the  same  thing  but  still  shows  an 
encouraging  tendency  toward  uniformity. 


270      TRANSACTIONS  OF  ILLL'MIXATING  JiN GINGERING  SOCIETY 

When  it  comes  to  comparing  very  dim  lights, — that  is  street 
lights,  at  practically  the  maximum  distance,  you  may  find  a 
good  deal  of  trouble  in  photometry.  I  think  one  can  make  with 
the  street  lamps  of  the  colors  now  customary,  errors  perhaps  as 
great  as  ten  per  cent.,  owing  to  the  color  difference,  but  such 
errors  are  made  only  at  a  distance  from  the  lamps  at  which  the 
illumination  is  of  no  conceivable  practical  use.  That  is  the  only 
saving  clause  in  the  color  photometry  of  street  illuminants. 
When  you  get  out  to  a  point  where  the  light  is  a  few  thou- 
sandths of  a  foot-candle  you  make  a  large  erroi-,  perhaps  due  to 
this  trouble,  but  inasmuch  as  the  illumination  at  that  point  is  not 
of  any  practical  service  the  error  rray  be  neglected,  for  the 
simple  reason  that  you  have  no  business  to  use  your  photometer 
at  any  such  point. 

In  other  words  there  is  very  little  use  in  evaluating  light  which 
is  practically,  for  seeing  purposes,  no  light  at  all ;  so  that  sub- 
stantially you  have  the  three  errors  only  to  deal  with,  the 
fluctuation  error,  the  actual  photometric  error  and  the  personal 
equation. 

Xow  the  point  to  which  all  this  is  leading  up  and  which  I 
desire  to  point  out  in  this  very  brief  discussion,  is  that  in  the 
face  of  those  comparatively  large  errors  which  are  due  not  to  the 
instrumental  error  itself  but  to  the  inevitable  fluctuations  of 
light,  whether  gas  or  electric,  and  to  the  personal  errors  of  the 
observer.  Owing  to  a  combination  of  these  errors  what  you  get 
on  the  street  is  necessarily  not  a  nice  and  quantitative  measure- 
ment of  the  illumination  but  a  rough  working  measurement  with- 
in limits.  The  bearing  of  that  on  practical  street  lighting  I 
think  is  this :  that  any  attempt  at  nice  evaluation  of  light  on  the 
street  is  practically  futile.  You  can  make  a  pretty  good  estimate. 
You  can  make  an  estimate  plenty  good  enough  to  tell  you  whether 
the  lights  are  doing  their  duty  or  not,  but  you  cannot  say  within 
a  large  margin  of  error  just  exactly  what  the  light  is  doing. 

As  a  practical  matter  for  those  buying  and  those  selling  light, 
I  think  the  conclusion  to  be  drawn  from  this  situation  is  as 
follows :  that  all  the  attempts  which  have  been  made  from  time 
to  time  to  sell  street  illumination  by  measure  are  subject  to 
errors  too  large  to  permit  of  their  being  considered  of  any  great 
practical  value.     Time  and  again  it  has  been  suggested  that  the 
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proper  way  to  sell  light  was  to  sell  light ;  that  if  you  undertook 
to  deliver  we  will  say  40/100  of  a  foot-candle  at  a  particular 
place,  tjiat  light  should  be  measured  and  if  it  showed  only 
37/100  of  a  foot-candle  you  should  pay  in  accordance.  If  you 
get  43/100  you  should  pay  in  accordance  with  that.  Xow  prac- 
tically even  with  the  best  illuminants  we  have  including  ail 
the  variations  of  light,  the  photometric  error  and  the  variations 
due  to  dirt  on  the  globes,  whatever  their  character,  you  can  get 
only  somew'here  near  to  the  light  actually  delivered  on  the  street, 
even  with  a  small  number  of  lamps,  let  alone  all  the  lamps  in 
the  city.  Hence  I  am  strongly  disposed  to  the  opinion,  based 
on  a  rather  long  experience,  that  any  attempt  to  sell  light  on  the 
basis  of  the  illumination  delivered  at  a  particular  point  as  de- 
termined from  the  investigation  of  all  the  lights  in  the  city  or 
a  number  of  them  is  a  thing  which  is  bound  to  lead  to  all  kinds  of 
difficulties  and  litigation. 

Where  a  city  is  paying  two,  three  or  four  hundred  thousand 
dollars  per  year  for  light,  variations  of  10  per  cent,  mean  a  large 
sum,  a  sum  too  large  to  lightly  be  considered;  and  inasmuch 
as  the  variations  in  the  integration  of  light  on  the  streets  will 
amount  in  most  cases  to  at  least  that,  it  seems  to  me  necessary 
to  conclude  that  any  attempt  under  practical  working  conditions, 
even  with  the  very  steadiest  and  best  illuminants,  when  you  take 
into  consideration  the  necessary  er^-ors  and  the  necessary  varia- 
tions caused  by  difference  of  cleanliness  of  the  globes  and  the 
inevitable  conditions  in  service,  to  measure  the  illumination  as  a 
measure  of  price  is  simply  bound  to  lead  to  great  trouble. 

I  say  so  particularly  because  it  has  been  suggested  in  some 
rather  influential  bodies  that  illumination  was  the  thing  to  be 
sold  and  therefore  you  ought  to  measure  it.  I  think  a  very  brief 
consideration  of  the  necessary  difficulties  with  the  fluctuation  of 
the  light  with  the  condition  and  character  of  the  surrounding 
globes,  plus  the  photometer  errors,  will  show  that  any  such  nice 
measurements  as  should  determine  the  payment  of  half  a  million 
dollars  a  year  more  or  less  are  quite  out  of  the  question. 

What  can  you  do,  then,  in  the  practical  problem  of  selling 
illumination  on  the  street,  whether  of  gas  or  electricity?  Well, 
you  can  do  this.  You  can  sell  service  w4th  a  given  standard 
type  of  lamp  which  can  be  investigated  in   cxtcnso  in  the  lab- 
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oratory  and  the  rano-e  of  variation  of  which  can  be  fairly  well 
evaluated  by  sufficient  pains.  Granted  a  service  of  a  certain 
number  of  hours  a  year  with  this  light  consuming  a  given. amount 
of  gas  or  current  at  a  given  pressure,  you  can  agree  that  a  cer- 
tain price  shall  be  charged  and  paid  for  this  service  for  so  many 
hours  per  year  with  a  specified  illuminant,  the  consumption  of 
energy  or  material  in  which  shall  be  specified  and  the  character 
of  which  is  open  to  investigation,  and  you  can  then  specify  that 
this  equipment  shall  be  kept  in  first-class  working  order.  You 
can  go  a  little  further  even  than  that  and  can  find  use  for  your 
photometer.  You  can  say  that  a  light  which  is  normally,  al- 
though perhaps  not  specified  in  th-^  contract,  of  lOO  candle- 
power  shall  not  have  certain  large  variations  or  shall  not  fall 
below  a  certain  amount  and  you  can  set  that  variation  at  a  point 
which  will  cover  the  aggregate  errors  in  your  photometer. 

In  other  words  you  can  use  a  street  photometer  very  success- 
fully to  show  whether  the  light  which  is  actually  being  given  out 
at  a  particular  distance  and  in  a  particular  way  is  materially  above 
or  below  a  certain  amount  that  shall  be  agreed  upon  before-hand. 
You  may  have  5,  6  or  10  per  cent,  possible  error  in  your  pho- 
tometric measurement  but  you  can  set  your  nominal  photometric 
value  X  far  enough  below  the  point  you  would  like  to  reach 
if  you  could  measure  with  absolute  precision  to  be  sure  within 
all  ordinary  reason  that  when  you  specify  that  your  100  candle- 
power  lamps  shall  not  be  less  than  90,  we  will  say,  you  will  not 
get  any  readings  less  than  90  unless  the  lamp  is  badly  out  of 
order. 

So  in  spite  of  the  difficulties  of  application,  in  spite  of  the  nec- 
essary errors  which  are  due  not  to  the  instrument  itself  but  to 
to  the  conditions  of  the  illuminants  and  the  personal  error  of  the 
observer,  you  can  so  determine  the  use  of  your  photometer  that 
you  can  show  with  fairness  to  all  parties  that  the  light  is  doing 
what  it  should.  You  may  say  that  if  I  have  a  lOO-candle-power 
lamp  and  set  my  photometric  limits  so  that,  I  will  be  sure  to  get 
90,  I  am  really  beating  myself  out  of  at  least  10  candle-power. 
That  is  not  true,  however,  because  if  the  lamp  sags  to  90  you  are 
liable  to  get  an  adverse  reading  on  your  photometer  and  then 
your  operating  company  has  to  brace  up  and  see  that  it  does 
not  get  down  to  that  point,  else  it  will  be  liable  to  be  caught 
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by  the  inevitable  errors  in  the  measurement  which  are  by  no 
means  neghgible. 

Hence  we  may  conclude,  after  all  is  said  and  done  about  pho- 
tometric measurements  on  the  street,  that  for  a  quantitative  esti- 
mate of  the  exact  illumination  or  exact  quantity  of  light  the  in- 
strument can  only  give  a  rough  approximation.  On  the  other 
hand,  if  you  are  working  with  known  illuminants  the  varia- 
tions of  which  you  can  reasonably  predict,  as  you  can  with  any 
illuminant  if  you  have  tested  it  in  the  laboratory,  you  can 
use  your  photometer  to  insure  that  it  shall  not  fall  below  a  cer- 
tain specified  minimum.  In  other  words  you  can  make  sure 
that  while  you  may  be  getting  a  larger  candle-power  from  the 
illuminant  you  are  at  least  getting  what  you  calculated  on  and 
therefore  the  photometer  errors  can  be  wiped  off  the  slate,  be- 
cause you  are  always  at  liberty  to  set  the  photometric  limit  so 
as  to  include  any  reasonable  errors  which  may  be  made. 

It  is  possible,  therefore,  to  get  a  photometric  test  of  illumina- 
tion, even  under  the  most  adverse  conditions.  You  cannot  get 
what  you  would  get  in  the  laboratory,  that  is  an  absolutely 
quantitative  evaluation  of  die  illumination ;  but  ;u  can  insure 
getting  a  certain  minimum,  and  if  you  set  the  r  inimum  wisely 
you  may  be  sure  that  you  are  getting  all  that  you  can  reasonably 
expect  with  that  given  illuminant.  In  closing  I  wish  to  be  again 
distinctly  understood  as  not  to  be  inclined  to  knock  in  any  way 
the  precision  of  photometric  measurements ;  but  what  could  you 
do  in  your  laboratory  if  you  had  the  lamps  on  a  commercial  cir- 
cuit with  an  irresponsible  boy  juggling  the  rheostat  whenever  he 
saw  fit,  or  what  could  you  do  if  you  had  the  gas  lamp  on  a  pipe 
too  small  with  an  indefinite  number  of  persons  making  all  kinds 
of  drafts  on  the  mains  without  your  knowledge?  The  fluctua- 
tions which  occur  are  things  which,  while  they  can  be  somewhat 
guarded  against  in  practice,  cannot  be  guarded  against  fully.  You 
can,  how^ever.  make  sure  that  you  are  getting  at  least  a  certain 
amount  of  light  and  if  you  set  that  amount  of  light  so  that  you 
will  get  good  illumination  in  the  street,  you  can  eliminate  the 
practical  difficulties  of  street  photometry  as  a  commercial  proposi- 
tion. 

But  when  it  comes  to  the  measurement  of  street  illumination 
values   for   purely   scientific  purposes,   your  troubles  begin   and 
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they  will,  so  far  as  1  am  able  to  judge,  exist  until  we  get  con- 
ditions of  service  in  illuminants  and  freedom  from  the  variations 
in  electric  or  gas  pressure  and  weather  conditions  which  we  can- 
not now  determine,  and  I  think  it  is  safe  to  say  that  in  the  New 
England  climate  the  weather  conditions  are  something  that  no 
man  can   ever  approximate. 
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DISCUSSION. 

Theodore  Piser : — Is  it  possible  by  increasing  the  number  of 
readings,  to  get  something  nearer  the  normal? 

Louis  Bell : — If  you  increase  the  number  of  readings  enough, 
you  can  get  nearer  the  normal  by  far  than  if  you  take  a  few 
readings,  but  inasmuch  as  you  are  working  the  lamps  all  night 
and  working  in  any  given  system  from  a  half  score  to  a  half 
thousand  lamps,  you  cannot  sample  the  lamps  accurately  by  test- 
ing one,  two  or  three.  You  cannot  be  sure,  with  anything  ex- 
cept a  tremendously  burdensome  number  of  readings  extending 
into  the  hundreds,  that  you  are  really  getting  the  precision  that 
your  average  would  indicate. 

Prof.  Puffer: — Dr.  Bell's  remarks  call  up  a  good  many  at- 
tempts to  measure  lamps  which  beginning  somewhere  about 
1885  and  continuing  ever  since,  covering  about  all  the  types  of 
lamps  most  of  you  have  seen  and  many  which  some  of  you  have 
never  seen,  and  embracing  about  all  conditions  of  service,  from 
the  best  to  the  kind  I  hope  you  never  saw  or  want  to  see.  I 
can  recall  a  great  many  things  that  Dr.  Bell  has  not  touched  upon 
which  would,  perhaps,  be  interesting  to  you.  When  it  comes  to 
measuring  lamps  on  the  street  the  first  thing  you  think  of  is 
what  you  will  take  along  with  you  and  how  in  the  world  can  it 
be  taken.  I  have  taken  all  kinds  of  standard  photometers  and 
various  types  that  I  have  tinkered  up  myself.  The  light  stand- 
ard which  must  always  be  carried  with  one  has  varied  from  a 
standard  candle,  which  is  a  pretty  good  standard  if  you  protect 
it  from  the  wind,  to  the  Bunsen  lamp  and  the  incandescent  lamp. 
It  is  unnecessary  to  say  that  the  incandescent  lamp  is  far  better 
than  any  other  although  the  battery  with  the  ammeter  is  too 
heavy.  As  far  as  the  form  of  the  portable  photometer  is  con- 
cerned, it  has  varied  all  the  way  from  a  cigar  box  with  one  end 
knocked  out  and  a  partition  put  in  to  a  regularly  built  instrument. 
The  results  obtained  with  the  cigar  box  were  surprisingly  good. 
The  sort  of  photometer  which  perhaps  might  be  called  a  lumin- 
ometer  has  been  used  to  a  considerable  extent  and  while  it  would 
never  be  used  in  the  laboratory  under  conditions  where  accuracy 
was  desired,  I  personally  want  to  say  that  in  my  hands  a  cali- 
brated luminometer  has  been  found  accurate  to  an  extent  which  is 
better  than  10  per  cent,  and  not  perhaps  as  good  as  5  per  cent. 
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That,  however,  is  with  skilled  observation  and  standardization 
before  going  out  on  a  trip  and  again  when  coming  back,  and  the 
method  of  reading  is  not  by  reading  something  you  know  all 
about,  and  could  recognize  by  a  flash  of  lightning  once  in  a  while, 
What  you  want  to  take  is  a  list  of  stock  quotations  or  printers' 
"pi"  and  read  backwards.  If  you  have  light  good  enough  for 
that  you  can  tell  what  you  are  reading,  and  it  will  be  impossible 
to  read  unless  there  is  the  light.  With  proper  instruments  and 
proper  observers  it  is  tmnecessary  generally  speaking,  to  spend 
very  much  time  on  instruments.  Be  sure  they  are  reasonably 
correct  and  that  you  know  how  to  use  them,  because  the  mistakes 
of  the  test  will  not  be  in  the  instrument ;  they  will  be  in  the 
operator's  failure  to  use  it  properly  out  on  the  street  and  at  the 
right  time.  The  greatest  instrumental  error  I  have  found  in 
street  photometry  is  one  most  of  you  would  think  plays  no 
part,  and  it  is  the  measurement  of  distances  from  the  light 
sources  down  to  the  screen  of  your  photometer.  You  go  out 
at  short  notice  and  have  no  idea  how  high  the  lamps  are  or 
anything  about  it.  You  take  a  man  with  a  tape  measure  and  you 
try  to  measure  the  angle  and  calculate  the  distance.  Any  per- 
centage of  error  is  doubled  in  your  results.  Personally,  I  think 
this  is  the  greatest  error  that  ordinarily  enters  into  the  work. 
The  reason  we  make  this  photometric  test  of  the  lamps  is  be- 
cause some  of  us,  either  the  committee  paying  for  the  lights 
or  the  experts  of  the  company  furnishing  it,  fear  dishonest  prac- 
tice. I  think  you  will  agree  with  me  that  in  many  cases  there 
are  claims  for  candle-power  or  illumination  made  which  are 
absolutely  false  or  else  the  conscience  of  the  person  making 
them  in  very  elastic.  I  have  some  newspaper  clippings  which 
came  to  me  within  a  year,  in  which  a  company  desired  to  be  re- 
leased from  a  contract  under  which  it  was  obliged  to  use  the  old- 
fashioned  open  arc  with  clear  globes,  and  they  decided  to  use 
the  modern  arc  lights  which  took  about  one-half  as  much  energy, 
and  somebody  invented  a  very  accurate  and  careful  comparison. 
The  old-fashioned  arc  was  put  upon  a  short  post  and  beside  it 
was  the  new  arc.  The  old  one  was  put  on  the  old  fashioned 
9.6  ampere  circuit  and  the  other  in  the  modern  circuit.  The 
committee  went  out  to  measure  these  lights  with  a  luminometer. 
They  called  upon  a  policeman  and  everybody  else  they  could  find 
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to  peek  into  the  box.  The  old-fashioned  arc,  as  you  all  know, 
gets  its  maximum  brilliancy  at  about  40  degrees  downward,  and 
the  new  arc  as  near  the  horizontal  as  you  can  get.  The  poor 
old-fashioned  arc  light  was  not  much  on  the  horizontal  and  the 
new  one  was,  and  the  reading  was  done  on  the  horizontal.  The 
result  came  out  almost  a  tie.  The  two  lamps  were  nearly 
ecjuivalent.  I  think  if  they  had  been  treated  according  to  Dr. 
Bell's  idea  the  result  might  have  been  very  different.  Under 
1;he  question  of  tests  I  think  Dr.  Bell  will  recognize  such  ideas 
as  this, — the  light  expressed  in  terms  ''of  the  average  maximum 
is  about"  so  much.  That  simply  means  that  you  will  wait  and 
take  the  biggest  readings  you  ever  saw.  If  you  record  the  read- 
ings under  these  conditions  they  will  be  entirely  wrong  as  one 
light  may  have  many  maximums  and  not  much  else,  but  another 
light  may  give  a  good  steady  light  with  less  light  than  the  others. 
If  you  do  not  count  it  in  when  your  carbons  do  not  come  part, 
etc.,  then  your  readings  are  false.  I  discovered  the  following 
state  of  affairs  in  some  readings  taken  by  several  groups  of  ob- 
servers. One  group  of  men  with  two  photometers  were  read- 
ing beautifully,  but  they  were  both  very  anxious  to  get  the  same 
readings.  They  were  more  interested  getting  check  readings 
between  themselves  than  anything  else.  Another  observer  was 
proceeding  after  the  fashion  of  a  man  in  an  auto.  He  was  sim- 
ply sitting  on  the  tops  of  the  curvcis  as  he  went  along.  He  got 
about  20  to  25  per  cent,  higher  than  anybody  else.  The  only 
way  to  take  these  readings  is  to  have  two  men  and  have  the 
scale  of  the  instrument  the  observer  looks  at  a  purely  numerical 
one.  One  moves  the  photometer  adjustment  back  and  forth  and 
must  forget  where  he  left  the  thing  the  last  time,  which  is 
best  done  using  a  handle  which  requires  many  turns  to  produce 
a  certain  variation  and  the  other  man  reads  scales.  In  that 
way  if  you  read  rapidly  as  possible  and  for  a  considerable  time 
you  get  a  fair  value  of  the  lamp.  When  it  comes  to  a  statement 
of  what  the  permissible  limits  shall  be,  I  think  that  an  expert 
called  to  help  anybody  in  specifying  the  limits  for  street  lighting 
should  take  into  consideration  the  fact  that  the  company  prob- 
ably means  to  be  honest,  and  that  the  people  who  are  buying 
the  light  probably  intend  to  be  honest ;  but  that  there  are  on  both 
sides  men  who  are  mistaken  in  the  application  of  honesty  and 
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men  who  are  always  looking  for  a  rebate,  and  these  are  the  men 
you  have  to  look  out  for  in  writing  specifications,  so  that  there 
will  be  nothing  left  for  them  to  pin  a  rebate  on  unless  it  properly 
belongs  to  them,  I  always  use  such  clauses  as  shall  define  say 
an  arc  lamp,  by  the  candle-power  and  also  consider  the  average 
watts  in  the  lamp,  the  trim  and  the  globes  especially  because  I 
have  seen  them  make  a  difference  of  50  per  cent,  in  the  read- 
ings. You  must  to  specify  the  carbons  and  have  a  set  delivered 
to  you.  Then  you  must  specify  what  the  average  candle-power 
shall  be  under  best  possible  conditions  and  the  minimum  under 
which  it  shall  never  go  in  service.  Than  you  have  something 
to  talk  about,  provided  you  do  not  do  the  foolish  thing  of  putting 
the  minimum  so  high  that  the  lamps  cannot  deliver  even  that 
minimum.  Then  you  can  advise  the  committee  if  the  lamps  are 
properly  run  and  the  company  is  bound  to  make  good,  and  if 
one  now  and  then  comes  down  to  the  low  point,  you  may  then 
point  out  that  it  is  only  one  lamp  and  that  on  the  whole  the 
lamps  on  the  system  are  all  right  and  doing  their  work.  With 
the  incandescent  lamp  testing  is  a  very  simple  matter  compared 
with  the  arcs,  for  all  you  have  to  do  is  to  tap  the  current,  insert 
your  ammeter  and  read  the  current,  and  photometer  the  lamp 
there  or  in  laboratory.  I  w^ant  to  call  your  attention  to  two  or 
three  points  I  noted.  Dr.  Bell  referred  to  the  trouble  in  con- 
nection with  the  photometry  of  Welsbach  lights.  I  have  met  a 
good  many  of  these  difficulties  and  I  might  say  that  in  one  case 
an  automatic  pressure  recorder  on  the  service  during  an  extend- 
ed series  of  tests  lasting  six  weeks,  varied  in  the  same  evening 
from  i^  to  3^  inches,  and  it  is  unnecessary  to  say  that  the 
candle-power  of  the  light  was  not  very  satisfactory.  Dr.  Bell 
neglected  to  state  in  the  beginning  of  his  talk  the  first  require- 
mient  for  measurement.  The  first  requirement  is  to  have  a 
quantity  which  remains  still  long  enough  for  one  to  measure  it. 
If  it  will  not  be  still  long  enough  to  measure,  you  cannot  get  any 
reading  at  all. 

C.  W.  Cartzvright : — What  has  been  found  the  most  satisfactory 
standard  lamp  to  use  in  a  photometer  in  making  measurements 
of  street  gas  lamps? 

Louis  Bell: — I  always  use  an  incandescent  lamp.  The  color 
difference  is  not  enough   to   bother.     That   is   to   say,   the  color 
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difference  between  an  incandescent  lamp  and  the  straight  Wels- 
bach  is  of  course  very  noticeable,  but  the  error  which  is  intro- 
duced by  it  is  much  smaller  than  accidental  variations  in  the  lamps 
themselves  due  to  puffs  of  wind,  changes  of  pressure,  etc. ;  so 
that  while  you  might  possibly  imagine  that  }0u  would  get  errors 
with  an  incandescent  standard,  particularly  a  tungsten  standard, 
the  results  in  the  precision  of  reading  are  Cjuite  satisfactory. 
The  trouble  is  not  nearly  as  much  as  you  might  imagine.  I  sup- 
pose some  men  might  attempt  to  use  a  flicker  photometer  out  on 
the  street,  but  I  have  never  had  the  courage  to  do  it.  It  iS 
difficult  enough  in  the  laboratory. 

Theodore  Piser: — In  the  newer  types  of  arc  lamps,  like  the 
metallic  arcs,  are  the  errors  as  large  as  in  the  old-fashioned  arc 
lamp  ? 

Louis  Bell: — The  errors  are  different.  I  think  the  aggregate 
magnitude  is  not  far  from  the  same,  but  they  are  of  a  different 
character.  The  feeding  period  is  longer.  The  mechanical  fluc- 
tuations are  I  think  quite  as  great,  and  the  periodical  fluctuations 
from  the  shifting  of  the  arc  are  about  the  same.  The  difference  is 
not  very  material  in  the  matter  of  steadiness.  Any  of  them  are 
subject  to  fluctuations  which  will  throw  you  out,  and  the  color 
difficulties  are  not  very  serious.  The  flame  lamps  give  a  very 
good  color  for  comparison  and  the  magnetites  do  not  give  half 
as  much  difficulty  as  they  would  seem  to  at  first  thought. 

C.  W.  Cartwright: — What  other  kind  of  measuring  standard 
can  you  use  if  an  incandescent  electric  lamp  is  not  available? 

Louis  Bell: — A  Hefner  lamp  or  a  Bunsen  lamp  was  used  as 
a  secondary   standard   and   was    fairly   satisfactory,   but  the   in-" 
candescent  is  easily  the  most  convenient  and  best  and  the  color 
is  excellent. 

C.  H.  Williams : — No  matter  what  instrument  you  use  for  your 
measurements,  you  have  to  depend  on  the  sensitiveness  of  the  eye 
and  its  ability  to  recognize  small  differences  in  the  intensity  of 
light,  especially  with  the  small  amounts  of  light  that  you  are 
using  in  the  measurement  of  street  illumination.  The  personal 
equation  is  a  very  considerable  one.  The  retina  of  one  eye 
will  be  more  sensitive  to  these  small  dift'erences  of  light  and 
will  have  a  different  Fechner's  fraction  than  the  retina  of  another 
eye;   and    I   remember  very   well   one   evening  when   Dr.    Bell. 
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one  person  and  myself  were  making  some  readings  of  signal 
lights  at  a  distance  of  half  a  mile  iisMig  the  same  lights  under 
the  same  conditions.  We  came  out  with  a  series  of  curves  all 
of  which  were  different  but  which  were  all  parallel.  That  is 
to  say  one  of  us  read  a  little  higher  and  the  other  a  little  lower 
than  the  one  coming  in  between  but  the  relative  differences  that 
we  made  between  the  different  lights  were  the  same.  To  get  the 
best  results  it  may  be  necessary  to  standardize  your  observers 
and  see  what  the  individual  equation  of  their  eyes  is  as  shown  in 
their  readings. 
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A  paper  presented  at  a  meeting  of  the  New 
York  section  0/ the  Illuminating  Engineering 
Society,  Aew  York.  April  14.  igio. 

ON  FINITE  SURFACE  LIGHT  SOURCES.^ 


BY   BASSETT   JONES,    JR. 


A  paper  on  this  subject,  presented  by  me  before  the  Illuminat- 
ing Engineering  Society  in  the  spring  of  1909,  appeared  in  the 
Transactions  of  April,  1909.  In  view  of  the  fact  that  several 
errors  appeared  in  the  final  print,  and  that  some  of  the  formulas 
have  been  criticised — in  one  case  I  must  admit  justifiably — I 
purpose  here  to  discuss  certain  of  the  results  obtained,  and, 
where  necessary,  to  re-write  others. 

The  general  analytical  method  employed  is,  of  course,  not  new. 
In  fact  the  general  case  was  given  some  time  ago  by  P.  G. 
Tait  in  an  article  on  'Xight,"  Encyclopedia  Brittanica,  ninth 
-edition.  Incidentally,  definitions  of  ''illumination,"  ''brilliancy," 
and  "intensity"  are  given  in  Tait's  article  which  are,  to-day, 
exceedingly  pertinent,  as  well  as  a  suggested  use  of  the  potential 
function  in  discussing  surface  sources,  of  which  more  below. 

Three  assumptions  are  made  in  the  paper  above  mentioned, 
as  well  as  in  what  follows : 

1.  That  the  inverse-square  law  holds  for  infinitesimal  surface 
sources. 

2.  That  the  amount  of  radiation  in  any  direction  from  an  infin- 
itesimal surface  source  is  proportional  to  the  cosine  of  the 
angle  of  obliquity. 

3.  That  the  thickness  (volume)  of  the  source  need  not  be  con- 
sidered in  discussing  the  distribution  of  the  light  flux  in  space. 

It  was  found  by  tests  of  a  number  of  available  sources  that  the 
first  and  second  assumptions  were  approximately  true  for  source 
areas  as  great  as  4  sq.  ft. 

These  experimental  sources  consisted  of  rolled  opalescent, 
sand-blasted,  and  etched  glass  plates  having  various  forms  of 
surface  treatment,  illuminated  by  means  of  incandescent  lamps 
contained  in  a  reflector  possessing  some  novel  features  of  design, 
and  so  arranged  as  to  project  a  constant  normal  light  intensity 
upon  one  side  of  the  source,  through  which  it  was  transmitted 
and  diffused. 

1  This  paper  should  be  read  as  an  appendix  to  the  paper  in  Tr  •  ns  act  ions  for  April,  icoo. 
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The  only  effect  of  changing  the  thickness  of  the  source  was  to 
smooth  out  the  polar  surface  and  to  make  the  assumption  as  to 
the  inverse-square  law  and  the  cosine  law  for  larger  areas  more 
accurate.     Whether  or  not  it  is  necessary  to  consider  the  volume 
of  self-luminous  sources  in  investigating  the  theoretical  flux  dis- 
tribution outside  of  the  source,  I  cannot  say.     Certainly  all  the 
radiation  emanating  from  such  a  source  must  pass  through  the 
bounding  surface ;  and  if  the  flux  is  so  distributed  at  the  surface 
as  to  comply  with  the  first  two  assumptions,  it  seems  only  nec- 
essary to  consider  the  flux  as  originating  at  the  surface.     What 
actually   goes  on   inside  the   source  has   no   effect   on   the  illu- 
mination produced,  except  as  it  affects  the  surface  flux,  and  this 
last   once    determined   will    furnish    us    with    a    working   basis. 
Furthermore,   the   introduction   of   the   idea   of   source   volume 
into  our  calculations  produces  complications  which  add  greatly 
to  the   difficulties  of  arriving   at  practical   results   without   any 
seeming  compensation  therefor.     The  treatment  of  the  problem 
relating  to  volume  of  light  sources  can  probably  be  reduced  to 
a  discussion  of  surface   conditions  by  the   application  of   some 
theorem  analogous  to  Green's  Equivalent  Stratum  in  problems 
relating  to  volume  electrification  or  magnetification. 

It  is  all  very  well  to  obtain  highly  complex  formulas  and  to 
insist  upon  their  correctness  because  they  take  account  of  theo- 
retical details.  But  when  we  know  that  no  matter  how  care- 
fully our  calculations  are  made,  they  are  certain  to  differ  widely 
from  experimental  results,  it  seems  almost  too  academic  to  spend 
time  and  energy  on  refinement.  What  the  practicians  need  are 
formulas  that  do  not  require  the  use  of  mathematical  terms,  the 
very  meaning  of  which  he  has  forgotten,  if  indeed  he  ever  knew 
them. 

In  order  to  show  how  unnecessary  mathematical  refinement  is 
in  our  problem,  I  have  introduced  below  a  detailed  check  calcu- 
lation of  the  intensity  due  to  a  finite  plane  circular  source  using 
the  method  of  harmonic  analysis,  which  in  this  case  as  in  many 
others  becomes  so  ponderous  as  to  be  of  little  or  no  utilitarian 
value.  Of  course  what  constitutes  the  proper  degree  of  refine- 
ment is  largely  a  matter  of  judgment — a  fact  that  is  true  of  al- 
most all  application  of  theory  to  engineering  practice. 
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While  on  the  subject  of  ''apphed  mathematics"  perhaps  I  may 
be  permitted  a  further  digression.  Dr.  E.  P.  Hyde  has  Hkened 
physical  mathematics  to  the  sculptor's  chisel ;  but  we  need  not  go 
very  far  into  the  philosophy  of  the  matter  to  see  that  the  simile 
is  not  a  good  one.  In  mathematics  one  never  finds  anything 
in  the  solution  that  is  not  already  implied  in  the  hypothesis, 
theorem,  or  determining  conditions  with  which  one  starts.  Noth- 
ing is  added  by  the  development,  and  nothing  is  created.  The 
sculptor,  on  the  other  hand,  creates.  He  produces  something 
that  is  entirely  original  with  himself  and  of  which  there  is  no 
previous  indication  save  his  own  imaginative  power.  Logic 
is  surpassed.  One  does  not  reason  out  a  work  of  art ;  nor  is  the 
statue  imbedded  in  the  marble  block,  requiring  but  the  chipping 
away  of  the  rough  exterior  casing. 

However,  to  establish  a  starting  point,  we  may  write  down  the 
formula  for  the  apparent  normal  intensity  of  light  ilux  at  jny 
point  on  the  axis  of  symmetry  of  a  plane  circular  source.     It  is 

l=7rj  sin^(3  (i) 

where  i  is  the  ^.pparent  normal  intensity  per  unit  area  of  the 
source,  and  ^  is  the  angle  subtended  by  a  radius  of  the  source 
at  the  point  in  question.  It  is  to  be  noted  that  in  (i),  -n-i  is  the 
flux  emitted  by  the  source  per  unit  area  on  the  assumption  that 
the  cosine  law  holds  for  such  areas — an  assumption  that  experi- 
ment seems  to  confirm'.  The  difference  between  the  value  of  I 
obtained  by  (i)  and  the  intensity  obtamed  by  considering  the 
source  as  a  point  source  having  an  intensity  equal  to  Ai,  where 
A  is  the  area  of  the  surface  source  is  expressed  in  per  cent,  by 
sin^/?. 

When,  now,  we  desire  to  find  an  expression  for  the  normal 
intensity  at  any  point  under  the  source,  we  meet  with  a  problem 
of  some  difficulty  that  can  only  be  solved  by  a  method  of  ap- 
proximation. 

ydydf 
If,  in  Fig.  I  we  let  ds  =  dxdy  —~=  j—i —  — 2^    represent  an  in- 
finitesimal source  element,   and  if  we  assume  that  the  cosine  and 
inverse  square  laws  can  be  taken  as  truthfully  describing  the 
variation    in   space   of   the  apparent  intensity  due  to   the   flux 
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through  this  element,  we  get,  as  an  expression  for  the  correspond- 
k- 


Fig.   I. 

ing  component,  i„,  of  the  normal  intensity  at  P,   distant  a  radial- 
ly from  the  center  of  the  source  and  h  below  it, 

'"  ^     (r^  —yy\K'  -f  a'  -h  r'  +  2ay)      ^'  "'' 
The  expression  for  the  total  apparent  normal  intensity,  I,,,    at  P, 
then  "takes  refuge  in  the  definite  integral" 

tdydr 


i 


L,  =  i1v\ 


(r'  —  yy-(^K'  -f  a'  -f  r'  +  2ay) 


(2) 


This  expression  can  be  evaluated  approximately  by  a  device,  or, 
I  dare  say,  it  can  be  evaluated  for  any  given  case,  by  a  tedious 
computation  of  elliptic  integrals. 

The  approximate  evaluation  of  (2)  may  be  taken  as 

a  result  that  is  practically'  true  when  JiyR. 
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In  the  paper  above  mentioned  the  integral  and  its  evahiation 
were  written  down  wrong.  The  first  error  was  obvious ;  the 
second  was  not.  Nor  do  I  think  the  corrected  evaluation  (3), 
will  be  much  more  obvious,  the  difference  consisting  merely  in 

TT 

the  addition  of  the  factor  -     .     While  the  expression  (3)  is  not 

rigorously  correct,  it  is  sufficiently  exact  to  enable  us  to  cal- 
culate values  of  I/,  over  a  range  of  values  of  Ii  and  a  laige 
enough  to  include  nearly  every  practical  problem  in  illumination 
dealing  with  plane  circular  sources.  If  we  had  evaluated  (2)  by 
any  regular  method,  granting  this  is  possible,  the  result  would 
have  been  too  complicated  for  use.  The  proof  of  the  pudding  is. 
after  all,  in  the  eating  thereof,  and  this  we  shall  try  later. 

//  /I  \ 

The  expression  for  I/,  has  the  form  — — -  and   takes   the  inde- 

V{a) 

terminate    form  —  when  ^  =^  o.     To  find  the  true  value  of  (3) 
subject  to  this  condition,  we  must  find  the  value  of 

d 


I  -=^  ^K^) 


It  is 


^    y  r     2h      _   /              h h              \ 

,   .     -1  R  —  ^                 1   ^  1  R  +  <^1 

+  tan 4-  2  tan      -r~  —  tan 

k                            h  h      Aa  ^  o 


or 


T  '''It  +  Fl^J  =  "b  -FT^']  ' 


wdiioh  is 


tt/  sin"  /?. 

The  expression  (3)  therefore  reduces  to  (i)  when  a=o,  a 
necessary  result,  if   (3)   is  correct. 

It  will  be  observed  that  when  Ji  is  large  compared  with  R  and 
a,  the  term  outside  the  bracket  in  (3)  is  large,  while  the  sum  of 
the  terms  within  the  bracket  is  very  small  and  subject  to  great 
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inaccuracies  in  computation.     The  expression  can,  however,  be 
given  a  form  suitable  for  computation  under  these  conditions. 
Let  us  expand  each  term  within  the  bracket  according  to  the 
known    form 


tan  ^  X  =  X 


X 


V 


x" 


x' 


or 


tan" 


3  5 

R  —  a        R  —  a 


h 
2  tan' 


h 


1-  ...  ,    when  tan     jr< 


(R-^y_^(R-ay 


TT 


1    h 


Sh^ 

...], 


K4) 


and 


_,R  +  a_  \^a  __  (R  +  ay    ,    (R  +  a)' 


The  values  (4)  can  be  used  in  (3)  only  when  the  largest  values 
of  tan"'  X  is  less  than  unity;  that  is,  when  (R+a)<A.  If  <2  =  R, 
then  (4)  can  be  used  in  (3)  only  when  2R<-^.  Substituting  (4) 
in  (3),  and  rearranging  we  get 

Tzih\6^a  4-  2a'        loR'^  H-  2oR'a'  +  2^' 

i  =  _i^ iP "  +  ••• 


\a  L 


2     a'  2      a 


...] 


(5) 


TTzRT 


R'^  +  2«'^  ^  RM:  5RV  +  3^^ 


R*^  +  9RV  -f  i4R'^'  +  4«' 


/^^ 


^ 


...]. 


(6) 


In  the  neighborhood  of  «  =     ,  (6)    becomes  rapidly 

inaccurate,  but  can  be  used  for  computation,  with  the  error  con- 
fined  to  approximately  o.oi  up  to  «  =  — — —  ,  which  is  suf- 
ficient for  most  practical  purposes  when  (3)  cannot  be  used. 
When  <2        o,  (6)  reduces  to 

tt/r'  r       R' 

tt/R'     ^ 


,       .riK'  r  R^     ,    R'        R'^     ,  -| 


I      ^  + 


R^ 


^  tt/  sill''  Z"^, 


when  ''/ 


R 
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The   expression   inside   the   brackets   in    (6)    is    rapidly   con- 

vergent  for  small  values  of  -7-,  and  (6)   can    therefore  be  used 

where  (3)  is  impracticable.  For  values  of  h  approaching 
(R-l-a)  computation  by  means  of  form  (6)  becomes  unwieldy 
and  limited,  but  within  this  region  form  (3)  can  be  computed 
with  considerable  accuracy. 

Since  we  have  shown  that  (3)  and  (6)  are  correct  when  a^o 
we  must  now  show  how  much  they  deviate  from  true  values  of 
1/,  for  values  of  a  greater  than  zero;  that  is,  for  points  not  on 
the  axis  of  symmetry,  subject  to  the  condition  that  h  is  always 
greater  than  zero. 

To  find  an-  expression  for  1;,  that  can  be  compared  with  (3) 
and  (6),  we  shall  follow  Tait  in  assuming,  as  a  mathematical 
convenience,  a  potential  function  that  describes  in  mathematical 
terms  the  character  of  the  light  field  due  to  what  may  perhaps 
be  called  the  "strength"  of  a  light  source. 

If  V  is  the  value  of  this  potential  function  at  any  point 
(x,  y,  z)  referred  to  the  same  co-ordinates  as  the  surface  source 
itself,  then  at  this  point, 

an  equation  corresponding  to  Laplace's  equation  in  problems 
where  the  slope  of  V  is  an  actual  forcive.^  Since  the  field  has 
circular  symmetry  about  the  h  axis,  equation  (7)  may  be  written 
as  follows,  in  terms  of  spherical  co-ordinates  having  the  center 
of  the  source  as  origin, 

where  r  is  the  radius  vector  from  the  center  of  the  source,  and 
0  is  the  angle  between  r  and  the  normal  to  the  source  at  its 
center. 

The  intensity  normal  to  the  plane  of  the  source  at  any  point 
of  the  field  is  given  by 

dV 

1  V.  Hydff,  "Geometrical  Theory  of  Radiating  Surfaces,"  Bureau  of  Standards  Bulletin, 
3,  No.  I,  p.  loi. 
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It  is  to  be  noted  that  the  value  of  I  in  any  direction  can  only 
be  obtained  from  the  expression  for  \'  when  the  direction  of  I 
and  the  values  of  the  co-ordinates  of  the  point  at  which  I  is 
desired  are  so  related  that  there  is  no  flux  taken  in  the  opposite 
sense.  In  other  words,  if  I  is  measured  normally  to  an  imagin- 
ary transparent  screen  placed  in  the  path  of  the  light  flux,  I 
can  only  be  obtained  from  \  by  diflierentiation  with  respect  to 
the  direction  normal  to  this  screen  when  the  reverse  side  of  the 
screen  is  not  exposed  to  the  light  flux.^  Thus  a  screen  placed 
anywhere  in  a  plane  normal  to  the  plane  of  the  source  that 
cuts  the  source  will  be  illuminated  on  both  sides,  and  the  value 
of  I  normal  to  this  screen  is  not  the  value  obtained  by  differ- 
entiating \'  with  respect  to  this  normal.  If  the  plane  of  the 
screen   passes  through  the   axis   of  the   source   then   the   actual 


Fig.  2. 


value  of  I  on  both  sides  of  the  screen  is  equal,  whereas,  mathe- 


1  V.  Steiumetz,  "Light  and  Radiation,"  p.  286. 
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matically,  the  direction  normal  to  the  screen  is  tangent  to  an 
equipotential  surface  and  hence  I  is  zero. 

Since  in  the  case  under  consideration  we  are  seeking  an  ex- 
pression for  I  normal  to  a  screen  placed  parallel  to  the  source 
plane,  the  components  of  intensity  due  to  the  infinitesimal  por- 
tions of  the  source  combine  vectorially  to  produce  a  true  re- 
sultant intensity,  which  may  be  found  from  the  expression  for 

V  by   (9). 

We  desire  to  find  solutions  of  (8)  dependent  on  r  and  0  only. 
Such  solutions  are  of  the  form  ;"'?„,  (cos  6),  where  ?„,  (cos  0) 
is  a  function  of  ^  only.  The  general  solution  of  (8),  for  any 
point,  Pj,  (Fig,  2)  is,  therefore, 

Vp,  =  :SA„,r"T„,  (cos^),  (10) 

where  A„,  is  an  arbitrary  constant.  The  value  of  r  is  of  course 
determined  by  the  co-ordinates  of  the  point  in  question.  Hence 
if  keeping  r  constant  we  can  find  some  point  on  the  spherical 
surface  determined  by  the  extremity  of  r,  at  which  the  value  of 

V  is  determined,  the  value  of  A,„  can  also  be  determined  and  our 
problem  will  be  solved.  Such  an  expression  can  be  found  for 
the  point  Pq  where,  by  (i) 


ip„  = 

iri  sin'^  /3  =  TTi 

(R^ 

AN. 

Or,  if  we  write  iriR^- 

=F, 

IPo 

F 

R^  + 

?• 

Now  by 

(9) 

IPo^ 

bVp 

0 

> 

whence, 

since 

,  in  this 

case 

r=^h. 

Vp,= 

=  — 

Ki--4 

.c)  = 

F 
R 

/    TT 
V     2 

(II) 


tan' 


R/ 


When    R>/;  we  can   expand    (11)    in  ascending  powders  of  as 
follows : 
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To  find  a  similar  value  of  Vp,  when  /^>R  we  have  to   expand 
(11)  thus,  remembering  that  //  =  r, 


Ip.  =  /,,  (l 

R-         R' 

A'   '^    A' 

,..)- 

whence,  by  (9) 

R'         R' 

\ 

(r3) 

Picking  out  the  constants  from'  (12)  and  (13)  and  substi- 
tuting in  (10)  we  have,  since  the  values  of  A„^  are  by  symmetry, 
the  same  for  any  value  of  V, 

Vp,  =  |[^  -    ^P,  (COS  0)  +  -^-  ^  P,  (cos  6) 

-y  ^P,  (cos^)  -h    •••].  (14) 

when  r<R,  0^  — ,  and 
\  2 

VP.=^[^--   ]-|rP.(cose)  +i^P.(cose)-...](i5) 

when  r^R. 

Remembering  that  r=  {/i^  +  a^)^  and  differentiating  (14)  and 
(15)  with  respect  to  h,  we  have,  by  (9), 

Ip,  =-r[-|^P,  (cose)  +  ^P3(cos«)-^'p,(cose)  +  ...] 
=  y  ^^P,(cose)-|.^P3(cose)+i.g,P,(cose)-...](,6) 

when  r<R  and  ^<—  ,  and 

2 

Ip,  =  —  -[--,  +^;:^P,(COS^)-    ^;,    P,(cos^)  -!    ...J 

=  p-[i-^,P,(cose)  +-^  p.  (cosfl)-...  J        (17) 

when  r>R. 

In  (i6j  and  (17)  we  have  a  means  of  checking  (3)  and  (6) 
for  any   given  case.     The  practical   disadvantage  of    (16)    and 


h'-^^l'/s 


^'-^^y/^ 
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(17)  is  that  the  term  outside  the  brackets  and  the  value  of 
r  has  to  be  computed  for  every  point  at  which  the  illumination 
is  required  when  h  is  constant,  while  in  (3)  and  (6),  a  is  the 
only  variable  and  is  always  known.  Furthermore,  the  labor  of 
computing  values  of  I  by  (16)  and  (17)  for  points  over  a  large 
region  is  prohibitive.  Let  us  then  plot  some  illumination  curves 
for  a  specific  source. 

In  Fig.  3  are  shown  two  sets  of  curves  plotted  for  a  source 
where  i=i,  R=5.  In  curves  A  the  line  fl^  is  obtained  by  plotting 
values  of  I  calculated  by  (6).  The  line  Go  is  obtained  by  plot- 
ting  values   of   I   calculated  by    (17).       In   both   cases    h^20. 

were  ob- 
tained by  the  use  of  (3).  In  curves  B  the  line  b^  is  obtained 
by  plotting  values  of  I  calculated  by  (6).  The  line  b^  is  ob- 
tained by  plotting  values  of  I  calculated  by  (17).     In  both  cases 

There  is,  of  course,  no  practical  advantage  in  employing  any 
of  the  formulas  (3),  (6),  or  (17)  for  computing  I  when 
k  >  loR,  since  in  that  case  the  error  in  treating  the  surface 
source  as  a  true  point  source  subject  to  (i)  and  (2),  page  2S1, 
is  less  than  one  per  cent.  Formula  (3),  however,  enables  us  to 
extend  our  calculations  over  the  region  between  /i=R  and 
/i=ioR  without  material  error  and  without  excessive  tedious- 
ness  in  computation. 

In  Fig.  4  is  shown  a  curve  plotted  from  values  of  I  obtained 
by  (3)  for  the  case  R=io,  /?=io,  i=io.  The  labor  of  com- 
putating  this  curve  by    (17)  would  be  prodigious,  if  at  all  possible. 

In  using  (3)  one  precaution  is  necessary.  The  tangent  functions 
must  be  carefully  computed  for  fractions  of  a  degree.  A  little 
practice  will  indicate  the  care  required  in  any  particular  case. 

When  the  surface  in  question  is  rectangular  in  form  we  have 
the  expression 

z  r        ^  ^ 

tan" 


:[ 


h  n  ~\ 

1  For  tables  of  Zonal  Harmonics  see  Byerly:     "  Spherical  Harmonics,"  pp.  278-281. 
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giving  the  normal  intensity  at  a  point  under  one  corner  of  the 
source  and  at  a   distance   h  below   it.     The   dimensions  of  the 


»  az  ^     ^     6     8     /o    /^ 

Fig.  4. 

source  are  a  and  h.  If  the  source  is  square,  &=a,  and  (16) 
reduces  to 

Formula  (18)  was  not  given  correctly  in  the  paper  above  men- 
tioned. The  error  was,  however,  perfectly  obvious.  Formula 
(19)   was  omitted  altogether. 

The  formulas  (18)  and  (19),  are  given  for  a  point  under  one 
corner  of  the  source,  since  they  are  simpler  and  easier  to  remem- 
ber than  a  formula  for  computing  the  intensity  at  any  point  under 
the  source.  However,  as  will  be  seen  later,  they  can  be  used 
to  find  the  intensity  at  any  point  below  the  source.  These  for- 
mulas may  be   put   in   a   form   suitable   for   rapid   approximate 

work.     Let  us  write  ^^.^ — r,-^r7  =   sin  a  and     ,  ..,   , — 77-rr   sin  /?, 

and  let  us  construct  the  angles  tan~'  sin  o.  =  p^  and  tan~'  sin  ^  =  p^- 
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Then  sin  a  —  tan  p^,  and  sin  /?  =  tan  p.,.     Putting  these  values 
in  (i8)  and  (19)  we  get  respectively, 

I  =    ^   [/o,  tan/0,  +  p,  tan/)J,  (20) 

and 

I  =:  ip  tan  /o,  (21) 

since  in  the  latter  case  Pi  =  p.^  ^  P,  say. 

Formulas  (20)  and  (21)  enable  us  to  obtain  values  for  I 
by  constructing  pi  and  p,  or  p,  with  compass  and  square  from 
a  scaled  drawing  of  the  source.  The  values  of  these  angles 
can  be  read  off  by  a  protractor  and  readily  reduced  to  circular 
measure. 

To  further  illustrate  the  use  of  (18)  and  (19),  let  us  plot 
a  curve  of  intensities  for  the  case  where  i^=i,  /i=20,  a^5,  and 
i>==io,  a  and  b  being  respectively  one-half  of  each  side  of  a  rec- 
tangular source  10  wide  and  20  long.  Let  it  be  required  to 
find  the  values  of  I  for  points  below  the  longer  central  axis. 

The  value  of  I  directly  below  the  center  of  the  source  may  be 
found  by  considering  the  total  intensity  to  be  four  times  the 
intensity  below  one  corner  of  one-quarter  the  source.  In  this 
case   (18)  becomes 


^  -  ^'l(e-ha')y^ 


tan" 


which  reduces  to  ni  when  h^o 
Substituting  we  get 


1  =  2   , ^-^,    tan- 


(400-1-25)^2  (400  -1-25)^ 

-f  '^ tan-'  5  1 

(400+100)^  (400  +  100)^  J* 

=  2[o.2425  X  0.4520  +  0.4472  X  0.2199] 

=  0.4150. 

The  value  of  I  directly  below  one  end  of  the  axis  may  be  con- 
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sidered  as  twice  the  value  found  below  one  corner  of  half  the 
source  divided  along  the  b  axis.     In  this  case  (i8)  becomes 

T  -  / ^ tan-^  ^ 

where  B  ■=  2b. 

Substituting,  we  get 

I  =  r. ^— ^  tan- 


(40o-f25)^2  (400+25)^^   - 

,  20  ^^^_,  5  ] 

(400+400)^  (400+400)^  J 

=  0.2425  tan~^  0.9700  -|-  0.7072  tan~^  0.1768 

=  0.3100. 

To  illustrate  the  method  completely  it  will  only  be  necessary 
to  compute  I  for  one  intermediate  point.  Divide  the  h  axis, 
drawn  from  the  center  of  the  source  perpendicular  to  the  side 
a,  into  two  equal  parts.  Let  the  point  in  question  be  below  this 
dividing  point.  We  then  have  to  treat  that  part  of  the  source 
lying  on  each  side  of  a  line  drawn  through  this  point  perpendicu- 
lar to  the   h  axis   independently   and   add  the   results. 

We  then  have,  by  (2'3), 


[ 


\  =  i\  - — .>  ^    .....  tan-^  ^^ 


and 


+  (20^+15^)^^  ^^^"  (20^  +15-0^  J  ^^^ 


I,  =  i\        .  ^    o...  tan  ' 


(20^  +  5')^  C2O^  +  5"0^^ 

+  (20^5^)^^   ^^""    (20' +  50^1  ^^^ 

since  in  (A),  a=5,  3=10+5—15,  and  in  (B)  a=5,  6=5. 
Reducing,  we  get 

1=11+12=0.2517+0.1 151=1:0.3668. 
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In  the  case  where  the  point  at  which  the  value  of  is  required 
Hes  outside  the  source  boundary  formulas  (18),  (19),  (22)  and 
(23)  may  still  be  used  by  first  making  the  calculations  as  though 
the  source  were  extended  until  the  point  lies  under  its  boundary 
and  deducting  from  this  a  value  computed  for  the  assumed  ex- 
tension of  the  source.  Of  course  separate  formulas  may  be 
written  down  for  each  case,  but  such  formulas  merely  indicate 
the  various  applications  of  (18)  given  above. 

Formulas  may  be  deduced  either  in  terms  of  elliptic  integrals 
or  in  terms  of  harmonic  functions  for  the  case  where  the  surface 
is  elliptic  in  form.  Such  formulas,  however,  would  be  labor- 
ious in  practical  application  and  are  unnecessary  since  the  error 
in  considering  such  sources  as  equivalent  to  rectangular  or  circu- 
lar sources  of  the  same  area  may  be  made  negligible  by  a  suita- 
ble selection  of  the  dimensions  of  the  equivalent  source.  Where 
the  major  axis  of  the  ellipse  is  not  much  greater  than  the  minor 
axis  an  equivalent  circular  source  may  be  used.  Where  the 
difference  between  the  axes  is  considerable,  an  equivalent  rec- 
tangular source  may  be  used. 

Another  useful  case  is  that  dealing  with  the  component  of  I 
parallel  to  the  plane  of  the  source  at  any  point  below  a  rectangu- 
lar source  such  as  would  occur  in  the  artificial  illumination  of  a 
room  by  means  of  sashes  or  a  frieze  of  suitable  glass  let  into 
the  walls. 

If,  as  before,  a  and  h  are  dimensions  of  half  the  source  divided 
along  the  b  axis,  then  the  apparent  intensity  at  point  distant  h, 
in  a  direction  perpendicular  to  the  plane  of  the  source  from  any 
point  of  the  b  axis,  prolonged,    (Fig.  5)  is 

I  =  t\  —  tan- tan-^  —  (24) 

where  (7  is  the  distance  from  the  point  in  question  to  the  nearest 
point  at  which  the  b  axis  cuts  the  source  boundary,  and  p  is  the 
corresponding  distance  to  the  far  extremity  of  the  b  axis. 

Formula  (24)  may  be  put  in  a  form  similar  to  (18)  giving 
I  for  that  part  of  the  source  lying  on  one  side  of  the  b  axis.  It 
is 
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[h  a 

—  tan-^  — 


ta 


P    J 


(25) 


P  P 

When  ^=g  we  have  from   (25) 

^         i  \  ,    ci  h  a  ~\ 

1  =  —     tan-'- tan-'  — 

2  L  //  p  p  A 

and  formulas  (25)   and   (26)   may  be  used  in  a  manner  similar 


(26) 


^■ig-  5- 


to  that  explained  above   for  the  case   dealing  with  the  normal 
apparent  intensity,  to  calculate  the  intensity  in  a  direction  parallel 
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to  the  plane  of  the  source,  at  any  point  not  in  the  plane  of  the 
source. 

Formulas   (25)  and  (26)  may  also  be  put  in  a  form  similar 

h 

to  (20)  suitable  for  graphical  work.     Let  us  write —  =  cos  Pj, 

h  CL  _     ^ 

and  -—  =  cos  p.,.     Then  let  tan"'  —  =  o-,,  and  tan"  — —   =    o- 

/  g  P 

We  then  have,  respectively, 

1= — [o-^cospi — o-^cosp^J,  (27) 

and 

1=  ^[  o-^  —  0-2  cosp.J.  (28) 

It  should  be  noted,  however,  that  when  P  is  within  the  right 
projection  of  the  source  boundary  as  at  P^,  then  only  that  part 
of  the  source  lying  in  the  direction  PiT  from  the  line  flj,  that  is 
ABEF,  contributes  to  the  effective  intensity  in  the  direction 
P/r.  The  part  of  the  source  CDEF  would  only  serve  to  illu- 
minate the  back  of  a  screen  at  Pj.  To  obtain  the  maximum  illu- 
mination on  the  screen  in  the  direction  P/f,  the  point  P  must 
be  taken  on  the  right  projection  of  the  boundary  AiB^CiDi  as 
at  P2. 

To  complete,  for  our  purposes,  the  discussion,  we  may  re- 
peat the  statement  made  in  my  paper;  viz.,  that  sources  of 
any  shape,  such  as  hemispherical,  semi-ellipsoidal,  or  semi-cyl- 
indrical may  be  treated  as  plane  suurface  sources  having  an  area 
equal  to  the  aperture  of  the  actual  source  and  a  flux  per  unit  area 
equal  to  the  flux  per  unit  area  of  the  actual  source. 

In  the  discussion  that  has  arisen  over  the  various  proposed 
methods  of  calculating  the  intensity  of  light  flux,  of  which  the 
above  are  samples,  it  has  been  stated  in  effect  that  it  is  the  busi- 
ness of  "the  scientist"  to  discuss  the  matter  completely  and  that 
it  is  for  the  engineer  to  appropriate  and  use  so  much  of  the  re- 
sults obtained  by  "the  scientist"  as  he  needs  for  his  own  practi- 
cal work.  Unfortunately  "the  scientist"  has  given  us  no  thor- 
ough-going discussion  of  finite  surface  light  sources ;  and,  so  far 
as  I  know,  very  little  attention  has  been  paid  to  finite  surface 
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radiators  of  any  kind  except  in  a  few  instances  generally  useless 
for  our  work. 

In  my  practice  I  have  found  urgent  necessity  for  the  use  of 
some  formulas  of  the  nature  outlined  above.  The  paper  here- 
tofore mentioned  and  this  article  are  the  outcome  of  that  neces- 
sity— they  make  the  attempt  to  get  at  the  needed  results  with 
as  little  ''scientific"  circumlocution  as  need  be.  There  may  be 
a  number  of  interesting,  and  doubtlessly  fruitful  by-paths  which 
have  remained  unnoticed  in  the  course  of  this  work. 
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A  paper  presented  at  a  meeting  of  the 
New  York  Section  of  the  Illuminating  Engi- 
neering Society ,   New  York,  April  14,  igio. 

THE  RELATION  OF  FIXTURE  DESIGN  TO  MODERN 
ILLUMINATING    ENGINEERING    PRACTICE. 


BY  L.  R.    HOPTON   AND   H.    E.   WATKINS. 


In  looking  over  the  Transactions  of  our  Society  there  are  to 
be  found  a  number  of  papers  that  have  been  presented  from 
time  to  time  dealing  in  some  way  with  the  question  of  the  proper 
design  of  lighting  fixtures.  The  subject  of  residence,  store 
and  school  lighting  has  been  ably  presented  by  several  members, 
the  question  of  the  proper  accessories  to  be  used  in  enhancing 
the  efficiency  of  various  types  of  lighting  structures  has  been 
frequently  discussed,  and  the  matter  of  the  relation  of  modern 
fixture  design  to  certain  assumed  standards  of  construction  as 
laid  down  by  progressive  illuminating  engineers  has  been  given 
careful  attention  in  either  our  Transactions  or  other  engineer- 
ing literature. 

Our  first  inclination  in  preparing  this  paper  was  to  consider 
almost  wholly  the  matter  of  fixture  design  from  the  standpoint 
of  construction,  and  to  present  to  you  fully  our  views  as  to  the 
extent  to  which  the  fixture  designer  may  embody  in  his  con- 
structions the  apparatus  and  illuminants  that  are  associated  in 
our  minds  with  efficiency  and  economy.  While  we  have  given 
these  matters  some  thought  in  this  paper  it  seemed  to  us  better, 
especially  in  view  of  the  diversity  of  opinion  that  exists  among 
the  members  of  this  profession  regarding  the  importance  or  non- 
importance  of  certain  considerations  in  the  matter  of  fixture 
design,  to  handle  this  subject  in  the  broadest  possible  way,  and 
to  take  up  carefully  certain  matters  affecting  the  design  of 
lighting  fixtures  that  have  been  left  almost  untouched  in  our 
Transactions. 

Were  an  outsider  asked  to  define  the  relation  of  illuminating 
engineering  to  architecture,  or,  to  be  more  concise,  to  define 
the  relation  of  modern  illuminating  engineering  to  architectural 
principles,  and  were  he  to  attempt  to  find  his  answer  by 
searching    the     literature      of      our        profession,      he      would 
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be  at  a  loss  to  shape  his  reply.  Were  he  to  attempt  to  narrow 
his  definition  to  the  relation  of  fixture  design  to  modern  illu- 
minating engineering  practice,  he  would  still  be  unable  to  formu- 
late a  definite  opinion.     We  are  told  by  one  writer, 

The  great  curse  of  the  engineering  profession  is  the  inbred  belief  that 
efficiency  is  the  only  thing  that  counts. 

And  by  another, 

The  illuminating  engineer  must  enforce  the  recognition  of  his  figures 
and  calculations,  disregarding  every  other  limitation  but  practicability, 
efficiency  and  economy. 

We  also  read : 

The  illuminating  engineer  who  consider^  only  the  scientifically  practical 
side  of  the  profession  is  necessarily  doomed  to  ultimate  failure,  for  he 
will  not  be  able  to  obtain  the  recognition  that  the  importance  of  his  work 
deserves. 

And: 

Engineering  has  no  essential  connection  with  aesthetics  in  any  form ; 
the  sooner  the  illuminating  engineer  gets  this  out  of  his  head  the  better. 

Considering  such  diametrically  opposed  ideas  as  these,  it  seems 
almost  hopeless  to  formulate  a  satisfactory  definition  that  shall 
answer  the  implied  question  contained  in  the  title  of  this  paper. 
The  various  writers  whom  we  have  quoted  are  certainly  honest 
in  their  beliefs,  but  they  hold  pronounced  differences  of  opinion 
on  what  we  consider  to  be  a  most  important  matter. 

One  of  the  most  comprehensive  papers  to  which  we  have  had 
the  pleasure  of  listening  was  that  presented  in  December,  1907, 
by  Bassett  Jones,  Jr.,  on  ''The  Relation  of  Architectural  Princi- 
ples to  Illuminating  Engineering  Practice."  No  one  interested 
in  the  field  of  illumination  can  read  this  paper  carefully 
without  at  least  feeling  that  there  should  be  a  close  bond  of  co- 
operation between  the  architect  who  has  planned  and  the  illu- 
minating engineer  who  is  called  upon  to  assist  him  in  the  proper 
lighting  of  the  structure. 

So  much  has  been  said  along  these  lines  by  those  most  compe- 
tent to  speak  that  our  remarks  in  this  direction  are  intended  only 
to  call  to  mind  again  and  to  emphasize  again  the  fact  that  the 
illuminating  engineer  and  fixture  designer  must  appreciate 
and  understand  the  architect's  view  point,  or  they  cannot  suc- 
cessfully handle  the  problems  that  are  set  before  them.     It  is  not 
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given  to  many  of  us  to  discover  new  lighting  media  nor  to 
revolutionize  any  system  of  lighting.  Few  of  us  will  ever  hang 
our  names  in  the  hall  of  illuminating  engineering  fame,  but 
to  all  of  us  is  given  the  task  of  improving  the  condition  of 
our  fellow  men  by  applying  the  knowledge  that  we  have  gained 
by  study  and  observation  in  our  particular  field,  and  of  leaving 
behind  us  a  record  of  achievement  that  shall  guide  in  a  measure 
those  that  are  to  take  up  this  work  where  our  hands  have  left  it. 

We  do  not  propose  to  advance  any  new  theories  nor  tO'  settle 
forever  the  question  as  to  the  function  of  an  illuminating  engineer 
in  connection  with  the  problem  of  fixture  design.  We  shall 
try  in  a  simple  and  logical  manner  to  give  our  views  on  this 
subject  and  the  results  of  our  daily  experience. 

Our  belief  is  that  many  of  the  differences  of  opinion  among 
illuminating  engineers  regarding  the  proper  design  of  lighting 
fixtures  come  from  a  misconception  of  the  particular  locations 
and  uses  of  the  fixtures  in  question.  For  some  classes  of  lighting 
fixtures  the  illuminating  engineer  can  carry  his  ideas  of  effi- 
ciency and  construction  as  far  as  he  wills.  The  fixture  designer 
and  architect  will  gladly  modify  their  design  so  that  the  instru- 
ment of  lighting  will  be,  above  all  else,  a  scientifically  designed 
engineering  apparatus.  The  latest  lamps  and  reflectors  can  be 
adopted  without  question,  and  the  success  or  failure  of  the  fix- 
ture may  be  measured  largely  by  the  illuminometer,  wattmeter, 
or  any  other  meter  that  may  be  required  to  measure  engineer- 
ing results.  In  other  cases  the  designs  may  be  greatly  modi- 
fied by  consideration  of  efficiency  and  economy,  but  this  modi- 
fication must  be  carried  out  intelligently  by  those  who  are  ever 
closely  in  touch  with  the  architectural  limitations. 

In  still  other  cases  the  artistic  qualities  of  the  design  must 
be  uppermost.  The  fixtures  must  be  in  perfect  architectural 
harmony  with  their  surroundings,  and  nothing  radically  new  in 
the  way  of  lighting  as  affecting  the  design  can  properly  be  con- 
sidered. These  cases  call  for  the  greatest  skill  in  conserving 
the  period  of  the  architecture  and  in  designing  harmonious  and 
appropriate  lighting  fixtures. 

It  is  our  purpose  to  show  to  what  extent  considerations  of 
efficiency  and  economy  may  enter  into  various  designs,  but  we 
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feel  that  this  cannot  be  done  without  directing  attention  to  the 
basic  principles  underlying  the  most  important  styles  of  architec- 
ture. Much  has  been  said  regarding  period  and  the  necessity  of 
harmony  in  design,  but  there  seems  to  be  little  information  avail- 
able to  aid  the  illuminating  engineer  as  a  definite  guide  re- 
garding how  far  he  may  properly  go  in  introducing  new  methods 
of  lighting  into  buildings  which  are  designed  with  a  well  defined 
''period"  of  architecture.     As  Mr.  Jones  has  said: 

The  illuminating  engineer  who  imagines  that  he  can  introduce  any- 
thing radically  new  into  the  illumination  of  buildings  possessing  historic 
feeling  is  doomed  to  disappointment. 

Bear  in  mind  that  this  means  anything  "radically  new,"  and 
buildings  possessing  "historic  feeling."  No  more  true  or  concise 
statement  could  be  made,  but  it  is  permissible  and  desirable,  to  in- 
troduce modern  methods  into  the  lighting  of  public  buildings  just 
so  far  as  the  architect's  individual  treatment  of  the  style  of  his 
architecture  and  the  departure  from  strict  historical  precedent 
will  permit.  We  make  this  statement  now  lest  some  might  think 
that  the  rest  of  our  paper  were  to  be  devoted  to  the  advocating 
of  a  policy  of  abandonment  of  all  new  methods  or  means  of 
lighting. 

The  development  of  the  lighting  structure  affords  a  fasci- 
nating study;  that  is,  the  ornamental  and  structural  develop- 
ment of  lighting  fixtures  with  relation  to  the  means  or  appli- 
ances for  lighting,  the  architectural  period  and  various  other 
considerations.  As  we  study  this  history,  we  find  the  same  appli- 
ance for  lighting  handled  in  different  ways  and  ornamented  in 
different  manners,  and  the  quantity  and  quality  of  the  light  also 
altered  to  harmonize  with  the  changing  conditions  of  architec- 
ture. 

We  might  generalize  further,  but  to  illustrate  the  matter  more 
clearly  we  will  briefly  consider  a  few  of  the  more  distinct  periods 
in  architecture  and  the  relations  of  fixture  design  and  lighting 
methods  to  the   various  periods   under  consideration. 

From  the  dim  shadows  of  ages  pest  we  gain  new  light.  One 
of  the  earliest  periods  that  finds  reproduction  to-day,  and  that 
therefore  calls  for  artificial  lighting,  is  the  Egyptian.  As  to  the 
instrument  of  lighting  during  this  period  there  is  little   doubt. 
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Search  as  we  may  in  the  oldest  Egyptian  tombs,  amongst  the  re- 
mains of  early  Greece  and  Rome  or  recorded  in  the  early  his- 
tories of  the  Hindoo  and  Chinese,  one  form  is  uppermost — the 
lamp. 

Aside  from  being  an  instrument  of  lighting,  the  lamp  was  fre- 
quently an  object  of  worship,  and  as  signifying  the  immortality  of 
the  soul  it  was  often  kept  burning  in  the  tombs  of  the  dead.  As  a 
subject  of  worship,  the  lamp  was  therefore  a  subject  of  beauty, 
and  by  its  construction  an  object  of  art,  as  well  as  a  source,  very 
poor,  to  be  sure,  of  light. 

In  this  period,  therefore,  the  fixture  designer  should  work  with 
the  lamp  as  his  "motif"  and  should  combine  with  the  beautiful 
in  ornament  a  soft  quality  of  light  that  will  enhance  the  feeling 
of  shadow  and  mysticism  that  the  architecture  of  this  period 
should  call  forth.  Too  brilliant  a  light  would  not  only  abso- 
lutely destroy  the  charm  of  the  architecture  of  the  period,  but 
would  also  destroy  the  beauty  of  the  lighting  instrument  as  a 
work  of  art. 

Fortunately  the  reproductions  of  Egyptian  art  are  rare,  and  are 
usually  so  carefully  and  correctly  carried  out  as  reproductions 
that  there  is  little  danger  of  the  illuminating  engineer  being 
called  upon  to  use  his  talents  in  modernizing  any  system  of  light- 
ing. Fig.  I  illustrates  a  lighting  fixture  designed  for  this 
period  and  one  making  use  of  the  modern  illuminant  electricity. 

What  has  been  said  about  the  lamp  in  connection  with  the 
Egyptian  period  may  also  be  said  with  regard  to  the  Greek  period, 
and,  in  addition,  there  appears  the  use  of  the  torch  effect 
for  exterior  lighting.  Here,  again,  the  lamps  were  highly  orna- 
mented, while  their  tripod  torches  were  usually  beautiful  works 
of  art. 

There  is  no  dispute  or  question  as  to  the  standing  of  Greek 
architecture  previous  to  300  B.C.  as  the  most  perfect  that  decora- 
tive art  has  produced.  It  is  the  basis  of  almost  all  periods  of 
decoration  and  architecture  that  followed.  As  we  turn  the  pages 
of  the  history  of  ornamental  art,  we  see  designers  and  architects 
gaining  their  inspiration  from  the  beauty  and  simplicity  of  the 
Greek,  but  so  stamping  their  individuality   in   their   work  that 
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they  successively  bring  new  styles  or  periods  into  being.  Some 
of  the  more  important  of  these  will  be  spoken  of  later. 

Owing  to  the  fact  that  Greek  is  a  living  period  and  is  being 
used  by  architects  to-day  as  their  inspiration  for  some  of  our 
finest  structures,  the  lighting  of  Greek  architecture  is  most  im- 
portant. 

Let  us  repeat  that  the  illuminating  engineer  may  be  guided  in 
planning  and  designing  his  light  sources  by  the  extent  to  which 
the  Greek  has  been  "modernized"  by  the  architect  or  designer 
of  the  building  to  be  lighted.  If  the  structure  is  a  reproduction, 
or  is  altered  slightly  from  the  simple  form  and  ornament  of 
the  original  Greek,  the  lighting  instrument  must  be  designed  to 
use  the  desired  modern  illuminant,  but  to  use  it  in  a  form  and 
of  a  quality  to  harmonize  with  the  architecture.  The  fixtures 
may  have  the  lamp  or  torch  motif  and  the  light  should  be  soft, 
of  a  yellow  tone  and  should  not  destroy  by  its  brightness  the 
beauty  of  the  appliance  as  a  work  of  art.  Fig.  2  shows  a  light- 
ing fixture  that  preserves  the  original  form  of  the  lighting  instru- 
ment, modernized  as  far  as  possible  to  use  the  modern  illuminant, 
electricity. 

Where  the  lighting  of  buildings  reproducing  some  Greek  mas- 
terpiece is  required,  the  designer  must  design  along  these  lme5, 
and  the  illuminating  engineer  can  do  little  or  nothing  to  direct 
the  form  of  the  lighting  fixtures.  Such  cases  are  rare,  however, 
and  the  architect  of  to-day,  working  under  the  influence  and  with 
a  love  for  the  "orders"  will  modernize  his  structure  and  will  make 
use  of  the  beautiful  Greek  ornament  and  proportion,  but  will 
produce  a  structure  modern  in  its  equipment  and  use.  In  such 
cases  the  designer  and  illuminating  engineer  may  safely  depart 
from  the  traditional  forms  and  may  bring  into  being  for  use  in 
the  building  a  line  of  lighting  instruments  distinctively  Greek 
in  line  and  ornament,  but  as  distinct  from  the  original  Greek 
lighting  appliance  as  is  the  building  itself  from  any  recorded 
or  preserved  Greek  masterpiece  of  antiquity.  Fig.  3  illus- 
trates a  fixture  that  has  been  designed  and  installed  and  which 
typifies  fairly  well  the  treatment  that  may  be  given. 

In  the  design  of  a  modern  office  or  other  public  building, 
the  architect  may  make  use  only  of  the  ornament  of  this  period  to 
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embellish  his   structure.     His  work  is  modern  and  the  fixtures 
may  be  correspondingly  modern  with  Greek  ornamentation.     Fig. 
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4    illustrates    a   construction    of    this    character   in   which    the 
lights  are  arranged  and  appliances  used  that  satisfy  more  readily 
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the  illuminating  engineer's  desire  to  obtain  modern  and  efficient 
illumination. 

As  we  depart  from  the  original  forms  of  Greek  lighting  stiuc- 
tures  and  modernize  the  designs,  so  we  may  in  our  design  con- 
sider the  use  of  any  appliances  such  as  reflectors  or  tungsten 
lamps  that  will  increase  the  efficiency.  Our  care  must  be,  how- 
ever, that  the  quality  of  the  light  is  in  harmony,  and  the  quantity 
not  too  great  to  suit  the  surroundings  nor  absolutely  to  destroy 
the  value  of  the  fixtures  as  objects  of  ornament. 

Did  space  permit,  we  should  like  to  deal  with  the  Roman  archi- 
tecture, showing  the  combining  of  Greek  simplicity  with  Roman 
magnificence.  During  the  grandeur  of  the  Roman  Empire,  be- 
tween 50  B.C.  and  about  350  A.D.,  the  design  of  lighting  in- 
struments changed  more  in  ornament  than  in  form.  The  lamp 
and  torch  were  the  appliances  generally  used  and  were  objects 
of  art,  beautifully  proportioned  and  executed. 

From  the  Roman  period  to  the  modern  Italian  is  a  long  step. 
We  shall  deal  later  in  the  paper  with  the  Renaissance,  and  speak 
of  the  influences  that  affected  alike  the  French  and  the  ItaHan; 
influences  that  produced  a  style  of  architecture  and  ornament 
that  is  being  used  to-day  in  modern  structures.  The  following 
two  illustrations  will  serve  to  show  the  types  of  fixtures  that  may 
be  designed  with  the  beautiful  lines  and  ornament  of  this  period. 
Fig.  5  illustrates  a  fixture  designed  for  modern  usage,  but  with 
a  construction  to  harmonize  with  a  carefully  executed  architect- 
ural interior. 

Fig.  6  is  a  fixture  designed  in  this  period  of  work  that  has 
been  "modernized"  to  a  greater  degree  and  is  one  that  still  retains 
the  beauty  of  Italian  line  and  ornament. 

The  Romanesque  of  Northern  Italy,  t.e.^  in  and  around  the 
plains  of  Lombardy,  had  its  rise  in  the  9th  century,  although  little 
of  moment  that  survives  was  built  until  a  century  or  two  later. 

Milan  was  the  center  of  architectural  advance  in  Northern 
Italy  from  the  9th  to  the  12th  century,  and  it  was  there,  and  in 
the  neighboring  town,  that  Italian  Romanesque  was  first  fully 
developed.  One  of  the  most  interesting  buildings  of  this  period 
is  the  Church  of  Ambrogio  in  Milan.  The  light  source  in  many 
of  the  buildings  of  this  period  was  very  meagre,  but  we  may  note 


HiK-  5- 


Fig.  6. 


314     TRANSACTIONS  OF  ILI.UMINATING  ENGINKERING  SOCIETY 

here  that  in  the  Church  of  S.  Zeno,  Verona,  built  in  the  first 
half  of  the  I2th  century,  we  to-day  find  pendant  from  the 
arches  on  cord  and  tassel  beautifully  carved  lamps  with  branched 
arms  for  candles. 

Romanesque  architecture  is  rarely  produced  in  modern  struc- 
tures and  therefore  there  is  little  occasion  to  consider  the  prob- 
lem of  illumination.  It  is  worth  noting,  however,  that  about  this 
time  began  the  development  of  the  pendant  fixture  with  branched 
arms,  forming  a  group  of  small  illuminants.  The  ornament  of 
the  Romanesque  period  is  sometimes  put  to  modern  uses,  and 
Fig.  7  shows  a  fixture  designed  to  harmonize  with  this  period 
of  ornamental  treatment. 

Most  French  writers  claim  that  the  birth  of  Gothic,  and  by 
Gothic  is  understood  pointed  arches,  ribbed  vaulting  and  flying 
buttresses  combined  with  a  new  system  of  moulding  and  fresh 
feeling  in  carvings,  took  place  in  the  Isle  de  France,  and  from 
there  spread  outside.  To  some  extent  they  are  right,  but  prop- 
erly speaking,  Gothic  art  had  no  birth.  What  is  called  the  birth 
of  Gothic  was  but  the  coming  age  of  Romanesque,  and  that  the 
celebration  of  this  took  place  solely  in  one  particular  part  of 
France  is  open  to  question.  There  is  so  little  difference  in  the 
dates  between  the  early  examples  scattered  about  the  country 
that  it  is  permissible  to  conclude  that  the  movement  was  a  wide 
one,  and  in  many  countries  we  have  monuments  reared  in  evi- 
dence of  this  sublime  art  which  words  fail  to  describe — a  g^reat 
Gothic  cathedral,  for  instance,  sums  up  so  much  of  history,  and 
in  the  language  of  one  of  our  great  writers : 

It  has  cost  so  much  in  faith  and  toil,  in  blood  and  folly,  in  saintly 
abnegation ;  it  has  sheltered  such  a  long  succession  of  lives,  given  collec- 
tive voice  to  so  many  inarticulate  and  contradictory  cravings,  seen  so 
much  that  was  sublime  and  terrible,  pitiful  and  grotesque,  that  it  is  like 
some  mysteriously  preserved  ancestor  of  the  human  race  grown  seden- 
tary and  throned  in  stony  contemplation  before  whom  the  fleeting  genera- 
tions come  and  go.  Reverence  is  the  most  precious  emotion  that  such  a 
building  inspires,  reverence  for  the  accumulated  experiences  of  the  past; 
readiness  to  puzzle  out  their  meaning,  unwillingness  to  disturb  rashly 
results  so  powerfully  willed,  so  laboriously  arrived  at;  the  desire  in  short 
to  keep  intact  as  many  links  as  possible  between  yesterday  and  tomorrow ; 
to  lose  in  the  act  of  new  experiment  the  least  that  may  be  of  the  long 
rich  heritage  of  human  experience. 
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This  at  any  rate  might  seem  to  be  the  cathedral's  word  to  the 
traveller  from  a  land  which  has  undertaken  to  get  on  without  a 
past.  No  wonder  such  monuments  have  silenced  all  competitors. 
Even  our  more  modern  structures,  where  we  have  endeavored 
in  so  small  a  way  to  reproduce  somewhat  of  the  grandeur  of 
ages  gone,  we  should  hesitate  to  do  anything  in  contradiction 
or  introduce  any  chord  or  note  that  would  destroy  the  harmony 
or  in  any  way  the  reverence  that  these  old  masterpieces  have 
always  inspired. 

vSo  we  find  the  lighting  of  modern  Gothic  architecture  being 
the  problem  principally  of  lighting  edifices  of  worship  is  exceed- 
ingly difficult.  Little  in  the  lighting  of  old  Gothic  masterpieces 
is  of  assistance,  as  they  were  either  not  lighted  at  all  artificially 
or  at  best  by  a  form  of  corona  bearing  candles,  and  we  might 
mention  here  that  in  the  cathedral  of  Notre  Dame,  Paris,  we 
find  to-day  pendant  from  the  high  arches  on  slender  cords  ])eau- 
ti fully  wrought  lamps,  with  branched  arms  in  double  tiers  for 
candles. 

A  simple  and  dignified  form  of  a  modern  electric  pendant, 
treated  in  Gothic  ornament  and  dedicated  to  ecclesiastical  usage, 
is  shown  in  Fig.  8.  In  this  case  the  distribution  of  light  is  ex- 
cellent, and  if  the  lamps  are  not  too  bright  the  effect  is  satis- 
factory  from   every   standpoint. 

In  Fig.  9  is  shown  a  type  of  chandelier  in  which  the  Gothic 
ornament  has  been  used,  but  which  was  designed  for  residenticil 
use. 

Up  to  now  the  periods  of  architecture  that  we  have  mentioned 
are  those  which  concern  the  fixture  designer  and  illuminating 
engineer  principally  in  the  lighting  of  public  buildings  and  al- 
most to  no  extent  in  the  lighting  of  the  home.  As  we  consider 
the  French  architecture  and  ornament  through  its  development, 
we  must  study  this  with  the  problem  of  residence  lighting  in 
our  minds  as  well  as  that  of  public  buildings. 

Passing  on  to  the  Renaissance,  we  find  that  on  the  north  of 
the  Alps  the  Renaissance  had  not  the  same  meaning  that  it  had 
in  Italy  and  in  France  where  its  influence  was  first  felt.  The 
art  naturally  assumed  a  different  character.  The  term  Renais- 
sance is  not,   in  fact,  properly  applicable  here,   for  the   French 
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people  had  not  a  classic  past  and  the  adoption  of  architectural 
forms  derived  from  the  classic  antiquity  was  not  at  all  natural 
for  them.  Through  the  development  of  a  noble  history  they 
had  acquired  and  perfected  a  peculiar  genius  which  had  found 
expression  in  forms  of  art  that  were  radically  different  from  those 
of  ancient  times,  and  in  now  departing  from  the  principles  of 
this  art  they  did  violence  to  their  own  native  traditions  and  ideals. 

It  has  often  been  affirmed  that  French  architecture  was  but  super- 
ficially changed  by  the  Renaissance  influence  and  that  its  essential  char- 
acter survived  beneath  the  Italian  dress.  This  is  not  wholly  true — the 
Italian  influence  did  effect  a  fundamental  change  in  this  architecture  by 
giving  it  a  factitious  in  place  of  a  natural  character.  This  point  has 
been  overlooked  by  those  who  have  maintained  that  the  French  artistic 
genius  suffered  no  loss  oi  integrity  by  yielding  to  the  Renaissance  move- 
ment, but  it  must  not  be  forgotten  that  the  native  art  had  lost  its  best 
character  long  before* the  itairan  infiirence  supervened.  The  finest  Gothic 
impulse  was  spent  before  the  close  of  the  13th  century,  and  the  feeble 
spirit  and  florid  extravagance  of  the  Flamboyant,  which  now  prevailed, 
betrayed  a  weakened  condition  of  the  national  artistic  mind  which  made 
it  an  easy  prey  to  foreign  innovations.  Until  the  i6th  century  the  Gothic 
style  survived  in  its  decadent  forms,  yet  in  some  quarters  before  this 
time  an  interest  in  the  arts  of  antiquity  was  gaining  foothold,  and  a  few 
Italian  artists  had  come  into  France  and  wrought  some  small  architectural 
works  in  the  neo-classic  manner,  but  the  way  appears  to  have  been 
opened  for  the  more  general  movement  in  the  new  direction  when  the 
French  upper  classes  began  to  construct  fine  houses  adapted  to  the  re- 
quirements of  luxurious  life. 

In  this  period  we  see  the  extended  use  of  the  candle  as  the 
source  of  light.  We  see  the  lighting  fixtures  designed  in  pro- 
portion and  in  line  for  the  use  of  this  illuminant,  and  we  see 
the  graceful  harmony  of  the  lighting  structures.  So  firmly  is 
this  source  of  light  associated  with  the  design  of  French  period 
fixtures  that  harmony  requires  that  the  designer  of  to-day  should 
design  his  fixtures  with  this  clearly  in  mind. 

So  frequently  in  fine  residences  we  find,  or  did  find  up  to  a 
few  years  ago,  a  room  or  rooms  planned  to  be  French  period 
rooms  where  to  the  minutest  detail  of  furniture  and  decoration 
the  reproduction  is  carried  out.  In  such  cases  the  real  candle 
is  frequently  used,  both  for  the  soft  quality  and  diffusion  of  the 
light  and,  also,  to  complete  the  reproduction.  Where  this  is  not 
desirable,  the  candle  has  been  conventionalized  and  the  modem 
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miniature  lamp  is  used  in  its  stead,  often  covered  by  a  small 
silk  shade. 

Where  the  crystal  type  of  fixture  is  used  the  designer  and 
illuminating  engineer  may  make  freer  use  of  the  modern  elec- 
tric lamps,  not  forgetting,  however,  that  the  charm  of  fixtures  of 
this  character  lies  largely  in  the  use  of  a  large  number  of  small 
units  rather  than  a  few  powerful  ones. 

In  the  design  of  fixtures  of  the  Louis  XIV.,  XV.,  XVI.,  per- 
iods, the  design  is  usually  held  closer  to  a  conventional  form 
than  with  many  other  forms.  The  type  or  ornamentation,  the 
proportion  of  the  lines,  the  quality  and  intensity  of  the  source 
of  light  have  been  so  recognized  that  any  radical  departure  from 
familiar  lines  is  dangerous.  For  this  reason  the  illuminating 
engineer  should  know  fully  the  limitation  imposed  by  the  designs 
of  this  period. 

The  art  of  France  from  the  time  of  the  Renaissance  to  the 
modern  work  of  to-day  has  been  so  thoroughly  written  up  in  this 
country — so  well  and  so  badly  reproduced  in  all  its  lights  and 
shadows,  that  to  discuss  it  here  in  all  its  varied  details  would 
not  only  be  unnecessary,  but  would  take  more  space  than  this 
paper  would  allow.  It  might  be  well  in  passing,  however,  to 
draw  attention  to  a  few  of  the  great  men  whose  work  it  is  im- 
possible to  forget  in  connection  with  the  lighting  of  the  various 
interiors,  the  details  of  which  they  understood  so  well.  The 
French  room  must  at  all  times  be  considered  a  unit,  every  detail 
forming  but  a  part  of  the  entire  harmonious  whole.  So  well  did  the 
artist  and  architect  understand  this  one  great  principle  that 
every  object,  whether  useful  or  ornamental — the  table,  the  chair, 
the  lamp,  the  candelabra,  was  designed  by  him  with  this  special 
thought  in  view.  The  works  of  Jules  Auriles,  Messonier  and 
Charles  de  la  Fosse  are  among  the  most  noted.  Their  exquisite 
feeling  in  the  handling  of  the  lighting  instruments  of  the  peiiod, 
and  their  absolute  knowledge  of  the  placing  of  such  pieces, 
has  been  too  well  done  for  us  to  criticise  them  from  any  stand- 
point. The  candle  became  in  their  hands  not  only  a  light  giving 
medium,  but  an  object  of  great  decorative  value,  and  beautiful 
pieces  in  bronze  were  designed  wholly  and  solely  for  its  value 
from  this  standpoint.     Lights  were  placed  here  and  there  singly 
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and  in  great  clusters,  not  only  for  the  value  of  the  light  (which 
to  them  was  always  most  important),  but  also  for  the  great 
value  of  forming  a  part  of  the  harmonious  whole. 

With  the  advent  of  electricity,  the  much  prized  and  by  some 
the  much  despised,  imitation  candle  came  into  use.  However,  it 
matters  but  little  how  much  we  dislike  the  imitation,  as  in  no 
better  way  can  the  effect  in  these  most  beautiful  interiors  bo 
retained.  Even  in  the  cut  crystal  pieces  the  glare  of  the  electric 
bulb  does  much  to  destroy  their  value  if  not  mellowed  in  some  way. 
And  so  we  are  brought  face  to  face  with  the  fact  that  illuminat- 
ing engineering  can  accomplish  but  little  in  the  Renaissance  in- 
teriors as  well  as  those  of  to-day  designed  along  these  lines.  In 
the  use  of  French  architecture  and  ornament  in  public  buildings 
the  conditions  are  different,  and  architects  to-day  are  working 
with  them  in  their  individual  way.  As  we  said  of  the  Greek 
architecture,  the  designer  of  the  lighting  structure  should  be 
guided  by  the  architect  and  may  move  only  so  freely  as  he  is 
allowed  by  the  treatment  of  the  architecture.  It  would  require 
a  multitude  of  illustrations  to  give  an  adequate  presentation  to 
the  variety  of  beautiful  designs  that  may  be  produced  in  con- 
nection with  this  period  of  work.  We  are  merely  showing  in 
Fig.  10  a  French  bracket  designed  for  use  of  candles  equipped 
with  miniature  electric  lamps  and  In  Fig.  ii  a  type  of  crystal 
fixture  so  characteristic  of  this  period  of  work. 

As  a  departure  from  historical  form  but  still  making  use  of 
the  beautiful  ornament  of  this  period  Fig.  12  illustrates  a  pend- 
ant in  which  the  electric  lamps  are  used  in  a  still  more  modern 
way.  In  this  case  the  room  was  not  strictly  a  ''period"  room, 
but  was  of  a  character  to  permit  of  a  treatment  of  the  fixture  de- 
sign as  shown. 

In  the  work  of  England  and  America,  and  other  countries 
where  the  lamp  and  other  mediums  of  light  play  as  important  a 
part  as  the  candle,  the  order  of  things  is  somewhat  changed,  as  is 
shown  in  the  works  of  some  prominent  architects  we  shall  men- 
tion later.  It  has  been  said  that  men  can  with  difficulty  originate 
even  in  a  new  hemisphere,  but  we  trust  that  in  the  near  future  it 
will  be  in  our  province  to  show  that  a  few  good  things  have  been 
brought  to  light  in  illumination  in  connection  with  decorative  art 
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if  for  no  other  reason  than  that  "necessity  is  the  mother  of  inven- 
tion," as  it  has  always  been.  As  it  is  proposed  in  this  paper  to  gath- 
er together  some  of  the  records  bearing  upon  the  architecture  of 
the  centuries  and  the  relation  that  the  artificial  illumination  bears 
to  the  architecture  and  decoration  of  these  periods,  it  is  not  well 
to  pass  on  without  giving  '_t  short  survey  of  what  building  activity 
was  exercised  within  the  English  province  of  America  during 
the  Colonial  time. 

The  art  of  this  period,  including  also  the  first  twenty  years  of  the  19th 
century  is  generally  called  Colonial.  Some  object  to  the  term,  saying 
that  there  is  too  much  variety  of  st^de  to  come  under  one  head  and  that, 
moreover,  the  best  work  was  executed  long  after  the  original  colonies 
had  become  provinces  and  even  later,  but  the  term  has  been  in  use  so 
long  and  is  so  suggestive  and  comprehensive,  that  it  would  be  difficult  to 
find  one  more  acceptable.  Object  as  we  may  to  the  words  Gothic  and 
Colonial,  we  cannot  spare  them,  for  no  other  words  call  up  to  mind  so 
complete  a  picture,  not  only  of  all  the  peculiar  conditions,  social,  re- 
ligious and  political  which  produced  the  Mediaeval,  ecclesiastical  archi- 
tecture of  Europe  and  the  i8th  century  domestic  architecture  of  America. 
In  this  domestic  architecture  there  was  an  evolution  and  a  growth  just 
as  truly  as  in  any  other  style.  If  the  perfection  of  Greek  art  remained 
unaccountable  until  the  archaeological  discoveries  on  the  banks  of  the 
Nile  and  the  Euphrates,  still  less  would  one  understand  the  Colonial  art 
without  knowledge  of  the  preceding  styles. 

As  we  all  know  that  America  owes  much  to  Europe  and  that 
the  Colonists  decorated  their  homes  with  many  things  brought 
from  the  mother-country,  it  would  be  well  just  here  to  direct  our 
attention  to  the  works  of  two  architects,  the  brothers  Robert  and 
James  Adam,  who  were  responsible  for  the  artistic  value  of  niany 
decorative  objects  of  art  in  use  then  and  to-day.  These  brothers 
who  established  a  style  known  as  "Adams"  came  of  a  family  of 
architects ;  their  united  influence  being  felt  right  through  the  i8th 
century.  They  were  not  only  architects,  but  designers  of  inter- 
iors and  house  furnishings,  such  as  many  pieces  of  furniture, 
platedware  and  other  objects  of  art.  Their  inspiration  was 
gained  from  the  ancient  work  and  as  Robert  Adam  said : 

We  have  introduced  a  great  diversity  of  ceilings,  friezes  and  decora- 
tive plllasters  and  have  added  grace  and  beauty  to  the  whole  by  a  mix- 
ture of  grotesque  stucco  and  painted  ornaments,  together  with  the 
flowing  Rainceau  with  its  fanciful  figures  and  winding  foliage.  If  we 
have    any    claim    to    approbation,    we    found    it    on    this    alone,    that    we 
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flatter  ourselves  we  have  been  able  to  seize  with  some  degree  of  success, 
the  beautiful  spirit  of  antiquity  and  to  transfuse  it  with  novelty  and 
variety  through   all  our   numerous   works. 

It  was  their  ability  to  seize  and  transfuse  the  beautiful  spirit  of 
antiquity  into  their  work  that  brought  into  existence  the  many 
beautiful  lighting  effects  designed  and  known  until  to-day  under 
the  names  Adams.  Among  some  of  the  most  charming,  we  might 
mention  the  girandole  of  Lady  Maria  Ponsomby's  Stratford  place 
in  London  and  the  girandole  in  the  Etruscan  room  at  the  Coun- 
tess of  Derbys.  The  beautiful  pendant  lamps  with  their  oval  and 
round  glass  shields,  known  in  this  period  of  work,  were  as 
famous  as  the  candelabra,  sconces  and  brackets  designed,  as  they 
say,  for  *'the  wainscoting  of  a  room."  These  splendid  pieces 
have  been  an  inspiration  for  many  a  designer  even  of  to-day,  who 
has  made  a  study  of  their  work.  With  the  growth  and  popularity 
of  the  English  home  in  America  to-day  and  with  the  many  archi- 
tects and  decorators  who  are  designing  along  these  lines,  and  in 
many  cases  expressing  their  own  individuality  in  their  work, 
it  is  incumbent  upon  the  designer  in  connection  with  the  illu- 
minating engineer,  to  bring  into  existence  new  lighting  pieces, 
just  as  graceful  and  original  for  modern  use  as  those  designed 
and  made  for  the  use  of  oil  and  candle — following  as  closely 
and  departing  from  the  precedent  which  controls  only  so  far  as 
the  architect  and  decorator  depart.  The  size  of  the  electric  bulb 
in  connection  with  its  large  socket  in  popular  use  would,  it 
seems,  make  the  designing  of  graceful  lighting  effects  almost 
impossible ;  but  if  we  remember  that  the  men  who  brought  into 
existence  new  pieces  for  oil  and  candle  had  just  as  many  obsta- 
cles to  overcome  and  yet  accomplished  what  they  did,  we  will 
venture  to  say  that  if  the  designer  of  to-day  would  study  their 
methods  and  also  study  the  various  styles  in  which  he  is  working, 
he  too  could  overcome  the  many  disadvantages  that  the  use  of 
electricity  imposes  upon  him.  The  universal  use  of  the  lamp  in 
this  country  gives  the  designer  a  much  larger  field,  and  the  fact 
that  the  introduction  of  the  electric  bulb  in  connection  with  the 
lamp  and  lantern  does  little  to  harm  its  artistic  value,  opens 
the  door  still  wider  for  the  introduction  of  lighting  effects  in 
which  the  illuminating  engineer  can  play  as  prominent  a  part  as 
the  designer  of  the  ornament. 
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As  we  said  before  that  America  owes  much  to  the  mother- 
country  and  Europe  and  as  the  many,  household  utensils,  furni- 
ture and  lighting  effects  have  been  in  a  way  borrowed  from  them, 
it  is  the  duty  of  the  illuminating  engineer  and  designer  of 
lighting  effects  to  study  their  problems  together  in  connection 
with  the  work  of  the  architect  and   decorator  and  to  produce 


Fig-  13- 


new  lighting  effects,  departing  from  the  controlling  precedent  of 
the  period  in  which  they  are  working  only  so  far  as  the  architect 
and  decorator  have  departed  in  expressing  their  individuality  in 
their  work. 
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As  we  have  spoken  of  the  Adams  period,  Fig.  13  will  convey 
some  slight  idea  of  the  beauty  of  this  ornament.  The  source 
of  light,  as  in  the  French  period,  is  the  candle  which  has  been  in 
this   case   "modernized"   to   the   use   of   electricity. 

In  Fig.  14  is  shown  another  type  of  so-called  Colonial  fixture 


Fig.  14. 


in  which  the  lamp  motif  is  followed.  Here  again  the  electric 
lamp  is  used  as  the  source  of  light,  but  the  beauty  of  the  original 
form  of  construction  has  been  carefully  preserved.  In  this  case 
the  intensity  of  the  light  may  be  sufficient  to  furnish  adequate 
illumination,  but  should  not  be  so  bright  as  to  destroy  the 
charm  of  the  design. 

In  Fig.  15  is  shown  a  still  different  form  of  Colonial  and  one 
that  has  been  "modernized"  almost  to  the  last  degree.     In  this 
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fixture  the  beauty  and  simplicity  of  the  ornament  are  preserved, 
but  the  form  of  the  structure  gives  fuh  recognition  to  the  modern 
method  of  using  the  electric  lamp.  The  illumination  from  such 
a  fixture  should  be  such  as  to  satisfy  the  most  ardent  lover  of 
efficiency. 

It  has  been  left  for  L'art  Nouveau,  which  seems  now  to  be 
gaining  ground  in  Europe,  to  produce  distinctly  modern  lighting 


Fig-  15. 

effects  with  all  the  true  meaning  that  electric  lighting  implies. 
With  the  free  treatment  of  the  ornament  the  door  is  swung  wide 
open  at  last  for  all  the  individuality  of  expression  that  the  architect 
and  the  designer  can  summon  to  their  aid.  In  this  strictly 
modern  style  we  are  permitted  to  display  the  electric  wire  in  con- 
nection with  the  socket  and  lamp  and  thus  to  stamp  upon  the 
lighting  instrument  the  fact  that  it  has  been  designed  and  made 
for  the  use  of  electricity,  just  as  the  designers  in  olden  times, 
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with  their  various  lamps  and  candelabra,  expressed  the  fact  that 
their  fixtures   were  designed  and  made   for  the  use  of  oil   or 


Fig.  i6. 


candle.  It  is  in  this  field  that  the  art  of  the  illuminating  engi- 
neer and  designer  of  lighting  effects  combined  may  find  its 
greatest  opportunity  for  unrestrained  expression. 
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Fig.  16  illustrates  a  type  of  L'art  Nouveau  fixture  that  is 
designed  solely  for  the  use  of  the  electric  lamp.  In  this  case  the 
lamps  are  pendant,  and  the  resulting  illumination  should  prove 
excellent. 

In  devoting  so  much  space  to  a  consideration  of  the  history  of 
illumination  through  the  various  recognized  architectural  periods 
we  have  felt  that  there  is  much  to  be  learned  that  will  be  of  value 
in  guiding  cur  work  as  illuminating  engineers,  and  in  at  least 
broadening  our  view  of  the  field  of  illumination  as  related  to 
architectural  structures.  Even  if  the  illuminating  engineer  is 
concerned  only  with  the  development  of  new  electric  lamps,  with 
the  designing  of  special  reflectors,  with  the  generation  and  sale  of 
electric  current,  or  with  any  of  the  various  branches  of  our  pro- 
fession that  direct  his  energies  in  one  narrow  specific  direction, 
still  he  may  be  interested  in  the  proper  appliances  to  be  used  in 
the  artificial  illumination  of  the  home  or  public  building.  On 
the  other  hand,  if  he  is  to  be  of  material  assistance  to  the  architect 
in  planning  the  lighting,  to  the  fixture  designer  in  designing  the 
fixtures,  or  to  the  client  who  looks  to  him  for  advice  in  this 
direction,  he  must  possess  a  knowledge  of  the  proper  relation  of 
illumination  and  lighting  fixture  design  to  the  various  important 
periods  of  architecture. 

We  have  attempted  to  show  how  the  development  of 
the  various  appliances  for  lighting,  the  lamp,  the  torch, 
the  candle,  the  oil  lamp  of  Colonial  times,  and  finally 
the  modern  electric  lamp  has  been  followed  by  a  development  in 
artistic  treatment  of  the  appliances.  In  the  hands  of  skillful  de- 
signers these  various  illuminants  have  become  so  associated  with 
the  fixtures  of  these  periods  that  we  lose  sight  almost  entirely  of 
the  appliance  as  such  but  see  only  the  beautiful  structures  that 
furnish  harmonious  decoration  as  well  as  illumination.  Illu- 
minating engineering  in  its  modern  meaning  they  perhaps  did  not 
know ;  photometric  curves  and  Rousseau  diagrams  were  not  then 
developed ;  but  in  the  artistic  handling  of  the  appliances  of  their 
times  and  in  the  lighting  of  the  interiors  that  have  been  preserved 
to  us  to-day  they  show  the  hand  of  the  master  in  their  art.  In 
our  account  of  the  historical  development  of  the  art  of  illumina- 
tion and  the  treatment  to  be  given  to  various  periods  we  stated 
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that  governed  by  tlie  architects  individual  treatment  of  the  period 
of  architecture  from  which  he  gathered  his  inspiration  the  illu- 
minating engineer  working  with  the  fixture  designer  may  produce 
lighting  fixtures  that  will  display  the  same  skill  in  utilizing  the 
latest  modern  appliances  and  thereby  attaining  the  same  economy 
in  the  construction  of  the  fixture  as  has  been  shown  in  the  use 
of  modern  construction  of  steel  and  iron  in  connection  with  a 
period  of  architecture  that  at  its  first  development  made  use  of 
entirely  different  means  and  materials  for  its  structures.  A  few 
cf  our  illustrations  showed  fixtures  that  combine  or  could  readily 
combine  a  fair  degree  of  efficiency  with  a  treatment  of  design  en- 
tirely in  harmony  with  the  locations  for  which  designed.  To  go  a 
trifle  further,  we  show  in  the  following  illustrations  a  few  fixtures 
that  have  been  designed  for  peculiar  conditions  ;  but  conditions 
which  were  exacting  in  their  requirements  that  there  should  be 
perfect  harmony  between  fixtures  and  architecture.  Some  of 
these  cannot  be  classified  with  any  of  the  periods  of  architecture 
that  have  been  mentioned. 

Fig.  17  illustrates  a  fixture  designed  for  a  large  court  room. 
In  this  case  a  certain  amount  of  indirect  illumination  is  obtamed 
by  reflection  from  the  ceiling,  while  a  soft  light  through  the 
panels  of  glass  bring  out  all  the  beauty  of  their  coloring. 

Fig.  18  illustrates  a  unique  Chinese  design  in  which  excellent 
illumination  is  obtained  on  the  table  or  space  below  the  fixture. 

Fig.  19  is  a  fixture  that  was  designed  for  unusual  conditions. 
The  lighting  of  mural  paintings  on  the  upper  walls  was  desired, 
accompanied  by  a  treatment  of  the  design  and  ornament  of  the 
fixture  that  should  meet  exacting  architectural  requirements. 
The  light  of  tlie  electric  lamp  is  softened  by  the  beautiful  texture 
of  the  glass  of  which  the  flames  are  constructed. 

Fig.  20  illustrates  one  of  the  earliest  forms  of  oil  lamps  modern- 
ized for  the  use  of  electricity.  The  use  of  mica  in  this  con- 
struction gives  a  soft  and  pleasing  effect  that  greatly  enhances 
the  feeling  of  the  design. 

In  Fig.  21  is  shown  how  the  humble  gas  light  may  be  clothed 
in  beautiful  form.  In  this  fixture  a  cluster  of  small  mantle  lights 
throws  the  light  down  through  a  cut-glass  dish  and  give  a  soft 
pleasant  light  to  the  dining  table  beneath  the  fixture. 
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As  we  admire  the  work  of  the  fixture  designers  of  the  past,  we 
admire  most  of  all  their  ability  to  make  use  of  the  illuminant 


Fig.   17. 


that  was  at  their  disposal.  Where  is  such  beautiful  handling  of 
the  lamp  and  torch  as  in  the  Greek  and  Italian?  Where  can  we 
find    such   exquisite    designs    for   the   candle   as    in   the    French 
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Fig.    19- 
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Fig.  20. 


Fisr.   21. 
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and  the  Adams?  And  where  such  artistic  abiHty  to  use  an  ap- 
parently chimsy  appHance,  the  oil  lamp  as  in  the  Dutch  and 
Colonial?  Shall  we  not  continue  and  say  where  is  the  elec- 
tric lamp  with  its  high  intrinsic  brilliancy  and  its  powerful  units 
to  be  given  better  treatment  than  in  the  lighting  appliances  to  be 
developed  in  the  20th  century? 

The  field  is  a  wide  one.  Is  the  illuminating  engineer  to  sit 
back  and  say  he  cares  nothing  for  aesthetics?  That  he  cares  noth- 
ing for  the  design  of  the  lighting  appliance  nor  its  fitness  for  its 
architectural  surroundings,  that  he  will  withhold  his  stamp  of  ap- 
proval from  anything  that  is  not  thoroughly  practical,  economical 
and  efficient?  We  firmly  believe  that  the  illuminating  engineer 
who  decides  that  his  province  is  entirely  outside  of  anything 
aesthetic  will  be  necessarily  eliminated  in  the  consideration  of 
problems  relating  to  the  proper  lighting  of  buildings  having  any 
well  defined  period  of  architecture.  As  we  view  the  situation 
to-day  we  cannot  see  how  it  can  be  otherwise. 

And  now  what  of  the  thousands  of  modern  structures  that  are 
being  erected  in  all  parts  of  the  country  that  embody  in  their 
interior  construction  no  defined  period  of  architecture?  The 
modern  middle  class  home,  the  office  building  with  its  box  like 
offices,  the  library  planned  without  interior  ornamental  treatment, 
the  store,  the  lecture  hall,  or  church  or  class  room,  strictly  mod- 
ern in  construction  and  equipment,  all  of  these  can  be  lighted  in 
the  most  modern  way  and  with  most  modern  appliances.  This 
has  always  been  the  case.  Go  through  any  of  these  modern 
structures  and  find  if  you  can  anything  enduring  in  their  lighting 
equipment.  The  fixture  of  ten  years  ago  or  even  five  years  ago 
may  be  considered  obsolete  by  progressive  illuminating  engineers. 
Our  profession  is  making  such  rapid  strides  in  the  direction  of 
developing  efficient  lighting  appliances  that  this  must  necessarily 
be  so.  What  shall  we  use  in  these  cases?  We  must  use  only 
efficient  apparatus  for  our  lighting  as  for  our  heating,  ventilating 
and  other  mechanical  functions.  Ornamental  design  should  be 
called  in  to  give  the  appliance  selected  some  semblance  of  beauty 
of  line  or  ornament,  some  external  appearance  that  will  not 
seriously  offend  an  inborn  sense  of  the  harmonious  and  the  beau- 
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tiful,  some  treatment  that  will  convert  the  strictly  mechanical  into 
a  structure  that  will  not  offend  the  eye. 

In  looking"  over  the  work  of  some  of  the  members  of  our  pro- 
fession (and  we  are  most  interested  students  of  all  that  is  being 
done  in  this  direction)  we  are  glad  to  see  that  there  is  still  a 
strong  feeling  that  everything  must  not  be  sacrificed  to  efficiency 
and  economy.  We  see  designs  suggested  by  the  illuminating  en- 
gineer working  on  the  layout  of  the  buildings  that  are  good 
and  that  are  appropriate,  designs  that  may  properly  carry  also 
the  stamp  of  approval  of  the  architect  and  the  fixture  designer. 
To  what  extent  these  designs  are  inspired  by  the  architect  under 
whom  you  are  working  we  cannot  tell,  but  in  any  event  the  re- 
sults are  satisfactory.  On  the  other  hand,  we  are  sorry  to  say, 
we  see  designs  that  are  not  apropriate,  we  see  designs  that  show 
efficient  appliances  but  that  are  spoiled  by  meaningless  ornamen- 
tation. Through  our  hands  pass  designs  that  could  be  changed 
into  things  of  harmony  and  even  beauty  without  at  all  sacrificing 
any  of  the  desired  value  as  efficient  apparatus.  For  the  sake 
of  attaining  efficiency,  many  of  these  designs  are  mechanical 
monstrosities,  they  violate  every  rule  of  proper  form  and  pro- 
portion. As  one  of  our  writers  has  said  "there  is  no  more  ex- 
cuse of  making  a  barbaric,  soul-shocking  hole  out  of  a  workshop 
than  is  the  case  with  a  theatre  foyer,"  not  alone  out  of  a  work- 
shop but  out  of  an  office,  a  classroom,  a  store,  a  living-room  or 
any  other  location  where  the  lighting  fixture  is  before  our  eyes 
during  the  daylight  hours  as  well  as  during  the  few  hours  that  it 
is  in  use  as  a  source  of  artificial  illumination.  We  need  not 
search  our  souls  for  our  profoundest  sense  of  the  aesthetic  to  con- 
demn the  use  of  such  structures :  our  common  sense  will  do  it  and 
do  it  most  effectually. 

The  so-called  scientific  fixture  about  which  we  are  hearing  so 
much  in  these  days  shows  to  a  marked  degree  the  efforts  that  are 
being  made  to  meet  the  requirements  of  efficient  and  economical 
illumination.  These  fixtures  represent  the  latest  ideas  of  the  illu- 
minating engineer  and  as  we  have  said  before  they  belong  to  that 
class  in  which  the  fixture  designer  has  yielded  almost  absolutely 
to  the  demands  of  the  illuminating  engineer.  The  large  sale  and 
extensive  use  of  this  class  of  fixtures  show  that  they  are  filling 
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certain  requirements  for  commercial  use  and  are  meeting  with 
general  favor.  The  use  of  the  tungsten  lamp  in  a  pendant  position 
together  with  a  well  designed  and  efficient  reflector  are  the  basis 
of  the  "scientific"  construction  but  they  form  a  combination  by 
which  the  lamp  interests  the  reflector  manufacturers  and  the  fix- 
ture makers  can  bring  into  concrete  form  a  satisfactory  struc- 
ture for  general  use.  Placed  in  the  hands  of  the  dealer  or  the 
central   station  salesman,  together   with  clear  and  concise  rules 


Fig.    22. 

regarding  the  size  of  lamps  and  reflectors,  the  spacing  of  outlets, 
and  other  data,  they  are  accomplishing  a  world  of  good  for  the 
betterment  of  our  purely  commercial  lighting. 

Figs.  22  and  23  illustrate  types  of  fixtures  that  belong  to  this 
class. 

As  these  fixtures  are  evident  instruments  of  efficient  illumina- 
tion and  are  to  be  used  under  varying  conditions,  it  is  better  to 
design  them  of  a  simple  form  and  solid  construction  without 
profuse  and  meaningless  ornamentation.  The  Flemish  and  square 
designs  are  better  for  this  purpose  although  where  done  with  dis- 
cretion they  may  be  ornamented  to  a  limited  extent  to  harmonize 
with  the  architecture  of  the  surroundings. 
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Fig.  24  shows  a  fixture  of  this  character  having  a  design  that 
is  slightly  above  the  ordinary  commercial  but  which  embodies 
all  the  features  of  the  ''scientific"  construction. 

For  many  uses  the  single  light  pendant  such  as  Fig.  25  is  coming 


Fig.  23. 

into  more  extended  use  and  for  certain  conditions  requiring  near- 
ly uniform  illumination  is  very  satisfactory. 

It  may  not  be  amiss  in  connection  with  these  pendants  to  de- 
cry the  use  of  powerful  lamps  and  huge  reflectors.  In  our  opin- 
ion the  100  watt  tungsten  lamp  is  amply  large  enough  for  nearly 


Fig    24. 


Fig.  25. 
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all  cases,  and  permits  of  a  design  that  does  not  appear  clumsy  or 
overpowering. 

In  speaking  of  the  latest  developments  of  fixtures  for  efficient 
illumination  we  might  call  attention  to  many  peculiar  and 
novel  constructions.  We  might  show  fixtures  designed  sole- 
ly for  indirect  illumination,  we  might  show  standards  for 
libraries  and  reading  tables,  we  might  show  fixtures  designed 
for  symbolic  or  spectacular  effects,  we  might  show  fixtures 
in  which  the  humble  gas  light  has  been  wrought  into  pleasmg 
and  artistic  form,  and  we  might  show  even  arc  lights  clothed 
in  a  covering  that  totally  changes  the  ugly  and  ill  proportioned 
commercial  casing  into  a  structure  of  beauty  and  harmony.  All 
of  these  are  the  solutions  of  every  day  problems  in  which  we  have 
attempted  to  ''combine  science  and  art." 

Probably  could  we  read  a  detailed  history  of  the  progress  of 
illumination  we  would  find  that  in  every  age  men  have  gone  far 
afield  in  their  attempts  to  create  peculiar  and  extreme  instruments 
of  illumination,  and  although  the  path  of  time  is  strewn  with  dis- 
carded apparatus  of  this  character,  their  work  has  not  been  all 
in  vain.  Behind  them  have  come  the  more  enduring  forms ; 
structures  that  have  avoided  the  mistakes  and  eccentricities  of 
these  predecessors,  but  which  embody  that  which  is  good,  which 
make  use  of  the  same  appliances  but  in  a  form  that  is  pleasing, 
harmonious  and  artistic.  Such  we  believe  is  the  case  to-day  and  in 
this  belief  we  find  the  courage  to  refrain  often  from  yielding  to 
the  demands  of  the  minute.  Where  we  disagree  with  pro- 
gressive illuminating  engineers  it  is  generally  for  this  reason — 
that  we  wish  our  work  to  endure  longer  than  the  fad  of  to-day 
which  will  be  forgotten  tomorrow. 

We  have  enjoyed  the  task  of  preparing  this  paper  and,  our  sin- 
cere regret  is  that  it  is  so  inadequate  in  the  handling  of  this 
most  important  subject.  We  may  have  advanced  no  new  ideas, 
we  may  have  said  things  with  which  all  cannot  agree  but  we 
earnestly  hope  that  we  have  at  least  given  something  that  will 
help  advance  the  cause  of  illuminating  engineering  in  its  broadest 
possibilities. 
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DISCUSSION. 

A,  J.  Marshall: — The  paragraph  reading: 

Is  the  illuminating  engineer  to  sit  back  and  say  he  cares  nothing  for 
aesthetics? — That  he  cares  nothing  for  the  design  of  lighting  appliance  nor 
its  fitness  for  its  purpose?  We  firmly  believe  that  the  illuminating  engineer 
who  decides  that  his  province  is  entirely  outside  of  anything  aesthetic  M^ill 
be  necessarily  eliminated  in  the  consideration  of  problems  relating  to  the 
proper  lighting  of  buildings  having  any  well  defined  period  of  architecture. 
As  we  view  the  situation  to-day  we  cannot  see  how  it  can  be  otherwise. 

expresses  exactly  my  views  of  this  aspect  of  the  subject. 

I  will  even  go  a  step  further  and  say  that  the  illuminating  en- 
gineer who  is  so  imbued  with  a  love  for  utilitarianism  and  a 
corresponding  lack  of  regard  for  physiological,  aesthetic,  and 
psychological  considerations  even  in  commercial  installations, 
will  create  a  state  of  things  bearing  on  monotony.  He  will  de- 
stroy individualism  and  find  his  work  limited  to  extremely  small 
fields. 

When  we  speak  of  aesthetics  we  do  not  always  necessarily  have 
in  mind  much  embellishment,  the  desire  to  sacrifice  efficiency  and 
economy.  A  lighting  fixture  must  harmonize  with  its  surround- 
ings. On  several  occasions  I  have  expressed  myself  that  the 
correct  manner  of  approaching  a  lighting  installation  is  to  pre- 
determine the  effect  that  it  is  desired  to  create. 

P.  J.  McGuire: — New  York  has  had  many  and  great  diffi- 
culties placed  in  its  path  in  obtaining  efficient  and  economi- 
cal illumination  through  the  medium  of  proper  lighting  fixtures. 
The  difficulties  arose  in  this  way:  the  provisions  of  the  charter 
of  this  city  require  that  plans  and  specifications  dealing  with  the 
proposed  installation  of  lights  in  public  buildings  be  submitted 
to  and  approved  by  a  certain  department.  Accordingly,  when 
architects  employed  for  the  purpose  of  formulating  plans  for 
public  buildings  would  submit  those  plans  to  the  supervising 
department,  there  was  apparent  a  lack  of  knowledge  of  the 
primary  laws  of  artificial  illumination.  This  supervising  de- 
partment then  endeavored  to  convince  such  architects  that  it 
was  possible  to  combine  the  aesthetic  with  efficient  in  lighting. 

I  agree  with  Mr.  Hopton  that  the  man  who  proclaims  himself 
an  illuminating  engineer  and  works  along  lines  exclusively  of  effi- 
ciency and  economy  and  sacrifices  all  aesthetic  and  artistic  prin- 
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ciples  is  not  and  never  will  be,  while  he  pursues  such  a  course, 
a  real  illuminating  engineer. 

B asset t  Jones,  Jr. : — I  am  sorry  that  Mr.  McGuire  had  so 
much  trouble  with  architects,  for  I  have  not.  Perhaps  I  have 
come  in  contact  with  a  different  class.  The  architect  is  I  believe 
wide  awake  on  the  subject  of  lighting  and  realizes  that  the  il- 
luminating engineering  can  help  him  in  many  w^ays. 

In  fact  there  are  several  architects  in  the  city  of  New  York 
who  in  the  last  few  years  have  become  positively  over  enthus- 
iastic on  the  question  of  illumination.  There  are  a  number  of 
monumental  buildings  in  course  of  construction  to-day  which 
have  been  practically  designed  around  the  lighting  scheme.  I 
have  one  particular  public  building  in  mind  in  which  the  architect 
laid  down  as  one  of  the  fundamental  requirements  that  the 
second  night  the  building  was  lighted,  it  should  be  necessary 
to  call  out  the  police  reserves  to  handle  the  crowd.  This,  how- 
ever, is  carrying  things  too  far.  There  is,  I  think  a  decided 
change  of  view  both  on  the  part  of  the  architects  and  the  illumi- 
nating engineers.  Both  are  beginning  to  realize  that  the  other 
knows  something,  and  in  my  belief  this  is  a  very  critical  period. 

A  paper  by  Air.  Clifford  was  presented  at  the  last  meeting 
of  this  Section.  His  paper  is  like  the  proverbial  writing  on  the 
wall.     It  is  an  indication  of  the  turn  of  the  tide  in  our  direction. 

A.  J.  Marshall: — I  cannot  refrain  from  paying  my  profound 
respect  to  the  architect.  I  have  found  him  the  most  satisfactory 
and  pleasing  gentleman  to  do  business  with,  provided  he  is  ap- 
proached in  a  proper  manner.  They  don't  know  it  all,  and  their 
knowledge,  especially  of  economies  and  efficiencies  in  the  use  of 
artificial  light  is  quite  meagre  as  a  rule,  but  they  are  willing  to 
learn,  and  their  gratefulness  is  usually  manifest. 

W.  JJ.  Spencer: — The  indirect  lighting  system  is  now  recog- 
nized as  a  beautiful  way  to  solve  many  propositions  in  illumi- 
nation. 

Bassett  Jones,  Jr. : — Mr.  Spencer  has  mentioned  that  indirect 
illumination  is  very  popular.  I  think  it  is  a  misfortune  that 
it  is  popular.  In  another  place  I  published  an  article  on  this 
subject,  and  there  T  tried  to  point  out  there  that  indirect  light- 
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ing  contained  more  pitfalls  to  trap  the  unwary  than  any  form  of 
illumination  that  had  been  devised.  I  think  there  are  very  few 
situations  where  it  can  be  properly  used.  In  many  cases  its  use 
is  dangerous,  particularly  in  rooms  likely  to  be  occupied  for 
any  length  of  time.  The  system  I  have  outlined  produces  ab- 
solutely direct  illumination.  There  is  no  loss  of  perspective 
or  loss  of  character  in  the  room  produced  by  it. 

P.  J.  McGuire : — I  have  heard  it  stated  that  a  form  of  lighting 
entitled  by  one  engineer  "direct-indirect  illumination"  creates 
a  sort  of  semi-ghastly  effect  on  the  faces  of  the  occupants  of  the 
room.  Is  this  really  so?  I  have  heard  that  this  form  of  lighting 
proves  injurious  to  the  eyes  of  those  finding  it  necessary  to  re- 
main a  long  time  in  a  room  where  such  lighting  is  in  operation. 
I  remember  that  when  first  entering  the  auditorium  of  the  Edison 
building  on  West  27th  Street,  I  experienced  rather  a  pleasing 
feeling  on  my  eyes.  There  seemed  to  be  an  absence  of  the  ordi- 
nary lights  and  shadows  that  the  eyes  have  become  accustomed 
to  have  so  many  years.  But  after  I  had  been  seated  for  a  while 
I  experienced  a  more  or  less  strained  feeling  on  my  eyes,  simi- 
lar to  that  produced  when  walking  through  the  street  on  a  bright, 
sunny  winter's  day  after  a  heavy  fall  of  snow.  This  feeling 
I  understand  is  akin  to  that  experienced  in  snow  blindness.  I 
found  later  that  several  others  were  affected  in  the  same  man- 
ner. Is  this  form  of  lighting  the  sole  cause  of  this  strained 
feeling  on  the  eyes  ? 

Bassett  Jones,  Jr. : — I  remember  the  auditorium  Mr.  McGuire 
mentions  and  I  remember  very  well  my  own  suffering  resulting 
from  sitting  in  it  for  an  evening. 

It  is  downward  direct  light  flux  which  is  essential  and  the 
use  of  indirect  lighting  with  its  consequent  indeterminate  flux 
gives  the  eye  no  chance  to  protect  itself.  Such  lighting  subjects 
the  eye  to  conditions  which  it  cannot  m^eet  and  control. 

A.  A.  Wohlauer: — In  the  various  "periods"  mentioned  by  Mr. 
Hopton  there  was  usually  one  particular  kind  or  type  of  an 
illuminant  which  the  fixture  designer  had  to  deal  with.  So  we 
find  the  candle  preeminent  in  the  Renaissance  just  as  we  have 
the  incandescent  and  arc  lamps  at  present.  While  to-day  ^ve 
can  arrange  the  lamps  in  whatever  position  we  find  preferable. 
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in  former  times  the  people  were  obliged  to  have  the  lamps  pointing 
upwards  to  the  ceiling.  However,  if  we  want  to  utilize  a  fixture 
design  of  that  age  we  have  means  to  do  that  to  the  best  ad- 
vantage, fot  instance  by  applying  the  so-called  indirect  illumina- 
tion ;  in  fact  it  is  rather  easy  to  conform  the  artistic  ideas  of  a 
certain  period  with  economical  and  efficient  effects,  as  is  shown 
bv  the  numerous  examples  presented  in  the  paper. 
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MEETING  AT  CHICAGO,  APRIL  14,   1910. 

The  Chicago  Section  of  the  Illuminating  Engineering  Society 
met  in  the  rooms  of  the  Western  Society  of  Engineers  at  8:00 
p.  m.,  Thursday,  April   14,   1910. 

Chairman  Scheible: — As  a  little  departure  from  our  usual 
program,  we  are  to  take  up  tonight  a  definite  problem  in  light- 
ing. The  plan  is  of  a  store  30  ft.  wide,  100  ft.  long  and  16  ft. 
high,  with  a  light  cream  colored  ceiling,  and  shelving  up  to 
within  a  few  feet  of  the  ceiling,  so  the  walls  cannot  be  counted 
on  for  reflection.  A  number  of  plans  will  be  presented  so  that 
we  may  get  an  idea  of  the  different  ways  in  which  the  problem 
can  be  solved. 

/.  G.  Henninger: — I  will  take  up  the  store-room  first,  with  the 
idea  of  obtaining  an  average  intensity  of  illumination  of  3  foot- 
candles,  on  the  counter  level,  as  specified  in  the  problem.  The 
shelving  runs  up  to  within  3  feet  of  the  ceiling,  so  that  the  area 
occupied  by  it  would  not  be  included  in  the  area  used  in  com- 
puting the  wattage  of  the  lighting  equipment.  In  my  layout  I 
have  used  16  outlets,  arranged  in  two  rows  of  8  each.  The  out- 
lets in  each  row  are  11  ft.  6  in.  apart,  while  the  rows  themselves 
are  6  ft.  out  from  the  wall  cases.  Each  outlet  should  be  equipped 
with  I  lOO-watt  bowl  frosted  tungsten  lamp  fitted  with  a  prismatic 
reflector.  The  units  should  be  hung  12  ft.  above  the  floor.  This 
equipment  will  produce  on  the  counter  tops  an  average  intensity 
of  illumination  slightly  in  excess  of  3  foot-candles.  This  value 
can  be  approached  more  closely  by  varying  the  height  of  the 
units  above  the  plane  of  illumination. 

The  advantages  of  this  system  are  manifold.  With  the  light 
coming  directly  down  upon  the  counters,  a  customer  will  not 
have  to  turn  round  in  order  to  inspect  a  piece  of  merchandise. 
Furthermore,  this  scheme  will  provide  light  behind  the  counters 
v/here  the  clerks  can  use  it  to  advantage. 

Omitting  the  area  occupied  by  the  case,  the  effective  area 
of  the  store  is  92  ft.  by  24  ft.  or  2,208  sq.  ft.  The  power  con- 
sumption with  this  system  will  be  1,600  watts  or  0.82  watts  per 
sq.  ft. 

A  system  of  this  kind,  as  recommended  for  the  store,  is  very 
flexible.  The  units  can  be  connected  either  singly  or  in  groups, 
thereby    giving   the    greatest    flexibility    and   highest   operating 
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economy  of  system.  Toward  dusk  a  man  might  wish  to  light 
every  alternate  row,  for  instance;  then  as  it  grew  darker  he 
would  light  the  remaining  units.     The  light  is  of  excellent  quali- 
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ty  and  will  be  well  diffused.     The  lamps  operate  at  an  average 
efficiency  of   1.2  watts  per  candle. 

Now  as  to  the  windows :  I  do  not  think  anyone  has  a  right 
to  take  a  plan  of  a  window  and  say  positively  that  any  given 
system  is  best  for  that  window  unless  he  makes  certain  as- 
sumptions, i.e.,  as  to  the  kind  of  goods  displayed,  the  results  de- 
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sired  by  the  merchant,  etc.  Each  proposition  should  have  its 
own  treatment. 

In  this  case  I  have  assumed  that  the  merchant  wishes  to  have 
a  transparent  sign  along  the  top  of  his  windows.  I  have  sug- 
gested four  lOO-watt  bowl  frosted  tungsten  lamps  with  focus- 
ing reflectors  and  three  60-watt  bowl  frosted  tungsten  lamps, 
also  with  focusing  reflectors  for  each  window.  Every  alternate 
unit  should  be  tipped  at  an  angle  of  between  10  and  15  degrees; 
the  other  units  should  be  tipped  still  further  at  about  30  to  40 
degrees  from  the  glass.  The  intensity  of  illumination  in  the 
plane  of  dress  of  the  window,  with  this  installation,  will  be  about 
16  foot-candles.  The  power  consumption  for  the  windows  will 
be  about  5  watts  per  square  foot.  In  some  of  the  larger  stores 
the  wattage  per  square  foot  frequently  runs  higher  than  this, 
often  to  10  or  12.  This  tipping  of  the  reflectors  at  different 
angles  will  thoroughly  cover  the  angle  of  dress  area  of  a  window. 

Geo.  C.  KeecJi : — The  height  of  the  lamp  from  the  floor  is  12  ft. 
and  the  counter  is  assumed  to  be  about  2^  ft.  high.  The  100- 
watt  lamp  directly  above  a  certain  point  on  the  counter  will  give 
80  mean  horizontal  candle-power.  If  your  units  should  give 
about  80  candle-power  hemispherical,  what  will  the  reflector  add 
to  that? 

/.  G.  Henningcr: — The  mean  spherical  candle-power  of  the 
lOO-watt  lamp  is  about  62,  while  that  of  the  combined  lamp  and 
reflector  is  about  55.  The  downward  candle-power  from  this 
combination  is  approximately  120.  The  intensity  of  illumination 
produced  beneath  each  unit  independently  of  the  other  units 
will  be  about  1.29  foot-candles. 

Geo.  C.  Kecch: — The  unit  consists  of  a  mercury  vapor  tube, 
consuming  125  watts,  bent  in  a  circle,  and  in  the  center  of  that 
circle  is  hung  a  lOO-watt  tungsten  lamp,  all  enclosed  in  a  hem- 
ispherical globe,  either  frosted  or  prismatic.  The  peculiar  color 
from  the  Cooper-Hewitt  tube  is  overcome  by  the  red  rays  of 
the  tungsten  lamp  and  the  diffusion  of  the  two  through  the  globe 
is  such  that  the  color  approximates  daylight  as  nearly  as  that 
of  any  other  artificial  illuminant.  Above  this  tube  which  is  in 
a  horizontal  plane  is  a  concentric  reflector,  which,  allowing  for 
the  absorption  of  the  globe,  gives  the  unit  a  mean  hemispherical 
candle-power  of  about  300.     The  curve  of  illnminrtion  is  like  a 
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flattened   so   that   the   maximum  intensity   ranges   from  vertical 
to  nearly  45  degrees. 

I  have  laid  out  on  this  plan,   10  units.     The  first  lamps  are 
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io feet  from  the  end,  the  next  lamps  18  feet  back,  etc.  They 
are  16  feet  apart  across  the  store  and  7  feet  from  the  edge. 
These  lamps  are  hung  13  feet  above  the  floor  or  10  feet  above  the 
counter  level.  Each  unit  alone  will  deliver  3  foot-candles  on  the 
counter  and  with  the  aid  of  the  illuminants  nearest  to  it  the  aver- 
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age  foot-candles  on  the  counter  will  be  between  3.26  and  3.15.  It 
happens  that  with  this  arrangement  the  distribution  is  very  even. 
Take  a  point  directly  in  the  middle  of  a  square  bounded  on  the 
corners  by  four  units.  At  this  point  the  illumination  is  3.19 
foot-candles.  Between  any  two  outside  lamps  the  illumination 
is  2.98  foot-candles.  The  illumination  at  the  top  of  the  shelves 
varies  from  eight  foot-candles  to  four  foot-candles.  That  is 
more  than  is  necessary,  but  it  cannot  be  helped.  I  have  allowed 
this,  however,  and  if  there  were  goods  to  display  here — the 
higher  the  illumination  the  better — the  goods  could  not  be  ob- 
served by  the  customer  at  a  distance.  The  illumination  on  the 
shelving  at  the  counter  level  will  be  about  2.5  foot-candles  and 
at  a  point  midway  between  top  and  bottom  it  would  run  about 
4.5  foot-candles.  My  idea  was  to  have  the  illumination  all  over 
the  counters  as  evenly  as  possible  and  I  aranged  the  units 
primarily  to  meet  that  condition. 

As  far  as  the  window  lighting  is  concerned  this  is  somewhat  of 
an  assumption.  A  unit  of  this  size  placed  near  the  corner  will 
deliver  about  6  or  8  foot-candles  throughout  this  space.  The 
total  wattage  in  the  store  is  2,250  or  0.8  watts  per  square 
foot.  I  am  certain  that  these  units  will  give  that  illumination 
(3  foot-candles)  at  the  counter  level  all  the  time  as  I  have  fig- 
ured 3.15  to  3.26  foot-candles  to  allow  for  any  dust  that  might 
collect  on  the  globes.  There  is  practically  no  deterioration  in  the 
light  from  the  mercury  vapor  lube  and  there  would  be  little 
more  in  the  tungsten  lamp.  I  do  not  believe  that  I  have  figured 
the  size  of  these  units  too  large  to  give  the  proper  foot-candle 
illumination.  I  disagree  somewhat  with  Mr.  Henninger  as  he  is 
using  a  lOO-watt  unit  giving  80  candle-power  which  with  a  re- 
flector may  deliver  as  high  as  170  canHle-power,  while  I  am  using 
one  giving  nearly  330  candle-power.  He  has  16  units  as  against 
my  10. 

Each  unit  consumes  225  watts,  10  units  being  2,250  watts,  or 
100  watts  each  for  the  tungstens  and  125  watts  for  the  tubes. 
I  used  2,900  sq.  ft,  for  the  floor  area. 

A,  C.  Murray: — The  store  proper  is  to  be  lighted  with  four 
4-light  reflexoliers,  each  to  be  trimmed  with  prismatic  reflec- 
tors suspended  10  ft.  from  the  floor,  the  inner  cylinder  to  be 
clear  glass. 
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The  windows  to  be  lighted  with  three  reflex  lamps  in  the  front 
of  the  window  and  to  be  trimmed  with  an  angle  shade,  the 
lamps    to    be    used    on    an    ordinary    square    loop    bracket    in 
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verted  to  do  away  with  the  goose  neck.  I  would  suggest  that 
the  pipes  in  the  basement  be  run  from  one  feed  on  which  at  a 
convenient  point  a  shut-off  be  placed,  this  to  be  attached  to  an 
ordinary  alarm  clock   which  may  be   set   to  put  out  the  light? 
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in  the  window  only  there  by  putting  the  lights  out  at  any  hour 
that  may  be  desired.  The  front  of  the  store  to  be  lighted  with 
one   4-mantle   inverted   portico   lamp. 

/.  C.  Bratton :— They  say  a  change  helps,  so  we  will  see  what 
this  will  do  for  us.     In  figuring  my  plan  I  left  out  the  shelving, 
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which  gives  me  2,208  square  feet  for  the  working  plans.  I 
propose  to  use  14  3-light  reflexoliers  with  prismatic  shades  to 
be  placed  in  two  rows  7   ft.   from  the  end  of  the  building,  and 
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Spaced  13  ft.  apart,  making  a  total  of  seven  3-light  reflexoliers 
on  each  side,  and  have  placed  them  6  ft.  from  the  shelving, 
thereby  making  it  12  ft.  between  the  lamps  across  the  room. 
The  bottom  of  the  mantle  is  8  ft.  above  the  lighting  plane  or 
10  ft.  6  in.  above  the  floor.  Immediately  underneath  the  lamp 
I  get  6.89  foot-candles,  2  ft.  from  the  center  I  get  6.13  foot- 
candles,  and  6  ft.  6  in.  from  the  center,  I  get  3.86  foot- 
candles  2  ft.  above  the  working  plane.  Four  feet  above  the 
working  plane,  and  6  ft.  6  in.  from  the  center  I  get  3.17  foot- 
candles,  and  6  ft.  6  in.  from  the  center,  6  ft.  above  the  working 
plane  I  get  0.824  foot-candles.  If  you  figure  on  lighting  the 
top  of  the  shelves,  my  foot-candles  drop  pretty  low,  something 
like  0.214.  I  could  have  gotten  along  very  well  by  leaving  out 
a  couple  of  lights,  but  had  to  make  it  two  over  in  order  to  have 
it   uniform. 

When  I  came  to  the  windows  I  took  it  for  granted  they  were 
not  ventilated,  and  I  had  to  figure  out  something  so  as  not  to 
get  the  windows  too  warm  inside,  so  I  used  two  5-mantle  in- 
verted arc  lamps  set  in  i8-in.  prismatic  bowls  in  the  center  of 
the  top  of  the  windows.  In  the  center  of  the  window,  immed- 
iately under  the  bowl,  I  got  6  foot-candles ;  moving  over  2^  ft. 
from  center  of  the  window  or  fifteen  degrees  I  got  6.5  foot- 
candles.  At  30  degrees  or  an  extreme  corner  of  the  window  I 
got  4.7  foot-candles.  At  30  degrees  or  an  extreme  corner  of 
the  window  I  got  4.7  foot-candles.  At  40  degrees,  or  4  ft.  from 
the  bottom  of  the  window  I  got  13  foot-candles.  On  an  average 
I  get  more  illumination  than  you  called  for  on  your  working 
plane,  something  better  than  3.5  foot-candles. 

The  inverted  Welsbach  reflex  mantle  rated  at  80  candle-power 
is  used.  The  window  light  has  the  same  sized  mantle.  The 
total  consumption  for  the  entire  outfit,  windows  and  interior 
lighting,  is  about  179  cu.  ft.  of  gas  per  hour. 

I  tried  the  two-light  scheme,  but  I  could  not  get  the  spacing 
just  as  I  wanted  it.  I  think  it  would  have  been  well  to  raise 
the  lamps  a  little  instead  of  having  them  8  ft.  above  the  lighting 
plane,  probably  about  11. 5  ft.,  then  I  would  have  gotten  an  aver- 
age  of   3.12. 

H.  B.  Wheeler: — For  the  main  part  of  the  store  I  have  con- 
sidered  the   area   to   be   illuminated    24    ft.    by   92    ft.,    making 
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a  total  of  2,208  sq.  ft.  I  have  divided  this  area  into  bays  23  ft 
by  24  ft.,,  and  have  placed  an  outlet  in  the  center  of  each  bay. 
I  have  used  seven  lOO-watt  clear  bulb  tungsten  lamps  in  each 
fixture.     The  fixtures  are  to  be  suitable  to  hold  the  lamps  in  the 
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right  relation  to  the  reflectors,  and  the  top  of  the  reflectors 
the  proper  distance  from  the  ceiling.  The  tops  of  all  reflectors 
are  to  be  18  in.  from  the  ceiling.  Using  lOo-watt  lamps,  seven 
to  a  fixture,  makes  the  total  wattage  of  the  store  2.800,  and  with 
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an  area  of  2,208  sq.  ft.,  gives  1.27  watts  per  square  foot.  Using 
0.41  watts  per  lumen  gives  a  trifle  over  3  foot-candles  as  the 
average  illumination  throughout  the  store. 

Although  the  wattage  may  be  somewhat  higher  than  various 
other  methods  presented,  I  feel  that  the  results  in  illumination 
will  justify  the  expenditure  in  wattage.  The  up-to-date  mer- 
chant of  to-day  is  looking  for  results,  and  he  realizes  that  an 
attractive,  bright,  evenly  illuminated  store  is  a  necessity  to  ob- 
tain business.  The  eye  comfort  system  of  indirect  illumination 
has  fulfilled  these  conditions,  and  made  better  store  lighting 
possible.  Under  indirect  light  the  finer  points  of  the  various 
goods  and  articles  on  display  are  brought  out  in  detail  and  no 
disagreeable  shadows  or  glare  are  apparent.  Better  results  should 
be  obtained  by  indirect  illumination,  because  the  seeing-  qualities 
of  the '  eye  are  increased  to  a  greater  extent  by  the  indirect 
system  than  with  the  direct.  The  reason  for  this  is  that  the 
seeing  qualities  of  the  eye  are  better  under  the  eye  comfort  sys- 
tem of  indirect  illumination,  because  the  pupil  expands  more 
and  hence  does  not  require  the  amount  of  light  to  distinguish 
objects  that  it  would  under  the  direct  light  system,  where 
the  pupil  tends  to  contract,  due  to  direct  rays  from  the  ex- 
posed unit.  Therefore,  I  do  not  think  3  foot-candles  of  in- 
direct illumination  should  be  compared  with  3  foot-candles  of 
direct  illumination. 

I  might  sum  up  the  advantages  of  indirect  illumination  for 
this  store  as  follows :  The  original  installation  can  be  made 
at  small  expense;  the  up-keep  is  small,  consisting  only  of  re- 
placing the  lamps  occasionally  and  wiping  out  the  reflector;  the 
general  character  of  the  light  throughout  the  store;  decrease 
of  nervousness  among  employees ;  advertising  benefits  and  many 
other  features  might  be  mentioned. 

For  the  two  show  windows,  size  8  ft.  deep  and  8  ft.  high,  I 
recommend  six  scoop  reflectors  for  each  window.  These  reflec- 
tors are  composed  of  the  same  material  as  the  indirect  lighting 
reflectors.  They  are  so  designed  that  the  Hght  is  confined  chiefly 
within  the  window,  and  thus  most  of  the  light  is  concentrated 
on  the  goods,  where  it  is  needed :  this  is  in  direct  contrast  to  most 
window  reflectors,  which  allow  a  large  amount  of  the  light  to  be 
wasted  on  the  top,  ends  and  upper  back  of  the  windows,  and  on 
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the  sidewalk.  The  reflectors  are  to  be  placed  directly  at  the 
ceiling,  and  as  near  the  front  of  the  windows  as  possible.  Each 
reflector  is  to  be  placed  in  the  center  of  a  20-in.  space;  that  is, 
each  lamp  will  be  on  a  20-in.  center.  One  60-watt  clear  bulb 
tungsten  lamp  will  be  required  for  each  reflector.  This  will  make 
a  total  of  360  watts  per  window,  or  36  watts  per  front  foot, 
and  about  28  watts  at  the  back  of  the  window. 

I  do  not  recommend  this  arrangement  of  show  window  light- 
ing for  all  windows,  as  the  locality  of  the  window  depends 
largely  upon  the  degree  of  illumination  that  is  necessary  for 
best  results;  for  example,  I  would  not  think  of  figuring  on  as 
high  a  degree  of  illumination  in  a  small  country  town  of  one 
thousand  inhabitants  as  I  would  on  a  retail  street  of  a  large  city. 
In  many  instances,  good  results  can  be  obtained  by  placing  scoop 
reflectors  on  3  ft.-centers;  whereas  on  streets  of  a  large  city 
the  scoop  reflectors  have  been  placed  on  18  in.-centers.  In  con- 
clusion, I  might  state  that  I  have  chosen  a  window  in  a  town 
of  average  size. 

Chairman  Scheible: — Mr.  H.  D.  Hov/e  has  offered  a  plan 
which  has  the  peculiar  quality  of  being  suitable  for  either 
gas  or  electric  use.  His  idea  is  also  tO'  arrange  the  lamps  in  two 
rows,  with  a  total  of  eight  lamps  in  a  row,  which,  in  the  case 
of  electric  light,  would  be  lOO-watt  tungsten  units  hung  8  ft. 
6  in.  above  the  floor  and  equipped  with  prismatic  reflectors. 
If  gas  were  used  he  would  suggest  for  each  of  these  outlets  a 
single  light  fixture  equipped  with  a  single  gas  burner  and  pris- 
matic  reflectors. 

For  the  show  windows  he  suggests  a  series  of  seven  lamps  in 
each  window  with  60-watt  lamps  for  the  electric,  bowl  frosted, 
with  suitable  reflectors.  He  does  not  state  what  he  would  sug- 
gest in  the  case  of  gas. 

In  this  plan  and  several  others  we  have  had  the  advice  of  us- 
ing the  lamps  in  two  rows  owing  to  the  width  of  the  store,  al- 
though there  are  some  who  think  a  single  row  sufficient. 

/.  P.  Smith: — The  one  I  have  outlined  here  is  not  so  much 
an  ideal  condition  as  the  ones  that  have  been  presented;  but 
it  shows  that  condition  as  we  very  often  find  it;  not  perhaps  as 
we  should  find  it,  but  as  it  is.  It  might  be  interesting  to  know 
how  near  this  condition  the  average  store  comes. 
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The  custom  ordinarily  followed  in  a  store  of  this  type  is  to 
wire  it  down  the  center  for  a  single  row  of  light,  using  five 
outlets.  The  common  plan  would  be  to  have  a  four-light  fix- 
ture with  6owatt  tungsten  lamps,  using  shades  just  as  the  cus- 
tomer might  choose.     In  the  windows  the  plan  usually  followed 


ELECTRIC 
CfUTLETS    1  TO  16 
(INC)TO  BE  EQUIPPED 
WITH  1   LIGHT  FIXTURE 
1,100  WATT  BOWL 
FROSTED   MAZDA  LAMP 
1  HI  HOLDER 

1  E  9  PRISMATIC  REFLECTOR 
TO  HANG  s'e'FROM 
FLOOR. 
OUTLETS 
17  TO  30  (INC) 
TO    BE    EQUIPPED 
WITH    ONE    LIGHT 
RECFT.     AT    CEILING 
OF    WINDOW    AND 
60  WATT  BOWL  FROSTED 
MAZDA  LAMP     WITH 
^  76  STEEL  REFLECTOR 
ON  EACH  OUTLET. 
OUTLETS    '^  1  TO  16 
(INC)  IF  PLACED 
lo'eVfiOM  FLOOR 
USE  F  9  PRISMATIC 
REFLECTOR . 


GAS 
OUTLETS 
1  TO  16  (INC) 
1  LIGHT  FIXTURE 
9'FROM  FLOOR 
EACH    FIXTURE 
EQUIPPED  WITH 
INVERTED    GAS 
BURNER    AND 
PRISMATIC 
REFLECTOR. 


is  to  put  a  60-watt  lamp  for  every  2  ft.  of  frontage.  That  gives 
five  lamps  for  each  window.  With  the  4-light  fixture  for  the 
store  the  lamp  is  placed  about  9  ft.  above  the  counter  level, 
and  the  average  foot-candles  would  be  about  2.25,  and  if  you 
wish  to  increase  this  intensity  a  5-light  fixture  is  found  in  the 
average   installation.     That   would   increase   the   intensity   up  to 
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about  2.75  or  nearer  the  3  foot-candles  requested.  As  has  beer 
shown  here  tonight,  it  seems  that  a  better  distribution  can  be 
gained  by  using  single  units   and   stringing  them  in  two   rows, 


but  it  seems  to  be  a  very  hard  matter  to  get  the  average  customer 
to  do  that.  This  store  is  about  5  ft.  wider  than  the  average 
store  of  this  kind  we  are  called  upon  to  light. 

/.  R.  Cravath : — My  plan  is  a  freak.     It  is  something  out  of 
the  ordinary,  and  I  am  not  prepared  to  say  that  I  would  recom- 
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mend  it  for  this  kind  of  store,  but  it  is  something  to  think  about. 

The  plan  I  propose  is  a  combination  of  indirect  lighting  with 

shaded   direct   lighting.     Indirect   lighting  is    used   for   general 
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illumination  and  this  is  supplemented  by  shaded  direct  lighting 
which  adds  to  the  intensity  at  the  counter  level.  Under  the  plan 
proposed,  no  lamp  filament  would  be  visible  to  a  person  looking 
the  length  of  the  store.  I  have  planned  to  obtain  one-half  of 
the  3  foot-candles  from  the  indirect  lighting,  and  the  remainder 
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from  the  shaded  lighting.  For  the  direct  lighting,  with  the  re- 
flector proposed,  the  watts  per  lumen  with  lamps  and  reflectors 
clean  may  be  as  low  as  0.16.  For  the  indirect  lighting  in  a  store 
of  this  kind  the  watts  per  lumen  would  0.4  to  0.45  with  shades 
and  everything  clean.  To  take  care  of  dirt  and  depreciation  I 
have  assumed  the  figure  0.2  watts  per  lumen  for  direct  and  0.50 
for  indirect  lighting.  To  obtain  1.5  foot-candles  with  direct  light- 
ing will  require  1.5  by  0.2  or  0.3  watts  per  square  foot.  To  ob- 
tain 1.5  foot-candles  with  indirect  Hghting  will  take  1.5  by  0.5  or 
0.75  watts  per  square  foot.  The  total  number  of  square  feet 
in  the  store,  excluding  the  shelves  is  2,760,  and  multiplying 
this  figure  by  the  watts  per  lumen  for  direct  lighting  gives  830 
watts  and  for  indirect  2,060. 

I  suggest  dividing  the  store  into  three  equal  parts  with  a  cluster 
of  indirect  lighting  units  in  the  center  of  each  part.  Each 
cluster  contains  500  watts  in  tungsten  lamps,  either  in  the  shape 
of  two  250-watt  or  five  lOO-watt  lamps,  using  distributing  re- 
flectors 4  ft.  8  in.  from  the  ceiling.  This  will  reduce  25  per  cent, 
the  calculated  wattage  for  the  indirect  system.  For  the  direct 
system  I  propose  12  outlets  spaced  in  two  rows,  one  along  the 
center  line  of  each  half  of  the  store.  This  will  increase  25  per 
cent,  the  wattage  calculated  for  the  direct  system.  The  total 
wattage,  therefore,  is  2,700  for  the  whole  scheme. 

For  the  direct  lighting,  I  would  use  the  "bee-hive"  reflector, 
which  gives  a  fairly  uniform  illumination  over  a  plane  extend- 
ing 35  degrees  from  the  vertical,  and  very  little  illumination 
beyond  that  limit.  This  is  a  single  piece  of  glass,  corrugated 
mirror  reflector  of  high  efficiency,  and  of  sufficient  depth  to 
cover  the  lamp  except  as  regards  persons  standing  within  a 
short  distance  from  a  vertical  line  drawn  through  the  lamp. 
This  reflector  with  a  lOO-watt  lamp  will  cover  uniformly  an  area 
the  diameter  of  which  is  equal  to  about  1.5  times  the  height  of 
the  lamp.  The  area  which  must  be  covered  by  each  direct  lamp 
must  be  approximately  15  feet  square.  Ignoring  the  corners, 
which  can  be  done  on  account  of  the  light  given  outside  of  the 
hmits  named,  these  reflectors  must  be  hung  15  divided  by  1.5  ft. 
or  10  ft.  above  the  counters.  This  will  be  13  ft.  above  the  floor. 
As  these  reflectors  are  not  ornamental  they  should  be  covered 
either  by  a  brass  spinning,  or  by  some  type  of  box  fixture.     If 
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desired,  art  glass  can  be  put  into  the  sides  of  the  boxes,  and 
the  silvering-  removed  from  the  tops  of  the  corrugation,  thus 
letting  a  little  light  through  to  illuminate  the  art  glass. 

I  used  a  modification  of  this  same  scheme  in  the  Northwestern 
University  track  room.  The  room  w^as  about  150  ft.  by  200  ft. 
I  think  the  largest  one  of  its  kind  in  the  country,  and  this  par- 
ticular reflector,  I  speak  of  was  designed  for  that  purpose.  In 
order  to  enable  them  to  see  balls,  etc.,  a  little  more  clearly  I 
put  some  indirect  lighting  in  the  upper  part  of  each  box  fixture. 

For  the  show  windows  I  would  place  poke  bonnet  reflectors 
15  in.  between  centers,  eight  in  number  at  the  front  top  of  each 
show  window.  These  windows  are  very  low  and  a  reflector 
taking  but  little  room  vertically  is  demanded.  The  depth  of  the 
window  is  also  such  that  the  light  distribution  from  the  poke 
bonnet  is  best  suited.  The  poke  bonnet  gives  nearly  as  much  illumi- 
nation slightly  below  the  horizontal  as  it  does  vertically,  which  is 
the  requirement  in  this  shape  of  window.  In  each  poke  bonnei: 
I  would  place  two  short-bulb  40-watt  tungsten  lamps. 

The  suggestion  for  the  interior  lighting  of  the  store  is  not 
offered  as  necessarily  being  the  best  solution  of  the  problem, 
but  as  affording;  a  combination  of  some  of  the  economv  of  direct 
lighting  with  some  of  the  advantages  of  indirect  lighting  as    \^\\. 

The  w^eakest  point  in  this  scheme,  in  my  opinion,  is  the  re- 
flected light  from  the  interior  of  these  reflectors,  which  is  visible 
to  persons  standing  about  45  degrees  from  a  vertical  line  through 
the  lamp.  As  a  whole,  however,  it  is  an  interesting  possibility  in 
illuminating  engineering. 

The  room  we  are  in  here  tonight  represents  another  very 
interesting  engineering  problem.  There  are  two  sky  lights.  Re- 
flectors above  the  sky  lights  are  tipped  to  throw  the  light  for- 
ward and  keep  it  out  of  your  eyes  as  much  as  possible.  There 
is  quite  a  large  loss  due  to  absorption  of  light  by  the  sky  light. 
Nevertheless  I  think  it  is  worth  while  to  stand  this  loss  to  have 
the  lights  so  well  shaded  and  diffused. 

A.  L.  Biisticc: — Although  I  have  not  prepared  a  plan  of  an 
equipment  for  this  store,  I  would  suggest  that  the  following  solu- 
tion. Owing  to  the  location  and  height  of  the  shelving,  I  do  not 
suppose  it  is  proper  to  consider  its  area;  so  that  the  dimensions 
to  consider  are  92  ft.  by  24  ft.,  or  2,208  square  feet.     In  this 
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solution  it  is  proposed  to  employ  Nernst  lamps,  and  from 
experience,  I  would  recommend  an  expenditure  of  approximately 
I -watt  per  square  foot  oi  various  single  glower  Nernst  lamps 
in  a  distributed  system  for  an  average  mean  illumination  of 
three  foot-candles.  Investigation  has  shown  that  the  average 
commercial  efficiency  of  such  system  when  operated  under 
normal  conditions  of  regulation  and  maintenance  is  approxi- 
mately 0.33  watts  per  lumen  in  a  room  such  as  is  the  subject 
under  consideration.  The  initial  illumination  would  be  slightly 
in  excess  of  three  foot-candles. 

As  to  location  of  units,  it  would  be  very  similar  to  the  one 
suggested  by  Mr.  Henninger. 

First,  I  would  place  a  row  of  eight  units  along  a  line  at  regu- 
lar intervals  over  the  counter  approximately  8  inches  from  their 
outside  on  each  side  of  the  room,  and  in  view  of  the  fact  that 
tables  for  displays  will  be  placed  in  the  center,  I  would  supple- 
ment the  two  rows  by  a  third  row  down  the  center  of  one-half 
the  number  of  lamps.  This  would  make  four  equal  imaginary 
b>ays  of  five  units  each,  or  20  lamps.  Hence  the  size  of  lamp 
would  be  2,208  divided  by  20,  or  no  watts  each.  This  is  the 
wattage  of  the  standard  iio-watt  single-glower  lamp;  so  20  lamps 
of  this  type  would  be  used,  equipped  with  the  regular  alabaster 
globes. 

The  elevation  should  be  about  i  ft.  below  the  top  of  the  shelv- 
ing, which  I  suppose  is  about  the  same  as  in  the  plan  referred 
to. 

For  the  window  illumination  I  would  recommend  the  use  of 
5  lOO-watt  lamps,  spaced  every  2  ft.  along  the  front  only,  using 
a  reflector  somewhat  similar  to  the  sketch  I  have  here,  which  is 
designed  so  that  the  light  is  greatest  at  approximately  450  and 
also  cut  off  very  abruptly  at  the  base  of  the  window.  This  con- 
fines all  the  light  to  the  display  instead  of  wasting  a  large  quan- 
tity on  the  sidewalk,  which  is  so  common  with  most  window  sys- 
tems. -This  lay-out  would  give  a  mean  illumination  of  approxi- 
mately 10  foot-candles  in  both  planes  of  the  window,  i.e.,  the  ver- 
tical or  back  and  the  bottom. 

I  do  not  think  it  is  good  practice  to  place  lamps  in  the  side 
windows  where  they  are  placed  at  an  angle  to  the  entrance  for 
lamps  in  such  position,  while  they  would  give  a  somewhat  higher 
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intensity,  would  detract  from  the  display;  they  would  cast  direct 
light  into  an  observer's  eye  and  be  the  prominent  feature  of  the 
display. 

H.  B.  Niesz: — In  the  commercial  end  of  the  business  we  may 
have  plans  for  lighting  that  would  meet  with  the  engineer's 
ideas,  but  the  question  in  mind  of  the  customer  is  the  cost  of  in- 
stallation. While  there  may  be  ideal  systems,  the  question  of 
wiring  and  the  cost  of  the  new  installation  would  probably  have 
more  weight  with  the  customer  than  an  ideal  installation.  Al- 
though we  are  in  the  business  to  give  the  customer  the  best 
thing  possible,  it  is  sometimes  pretty  hard  to  tell  just  what  the 
best  thing  is  because  we  do  not  agree  among  ourselves.  There- 
fore, we  must  combine  theoretical  ideal  illumination  with  the 
practical,  as  well  as  take  into  consideration  the  financial  side  of 
the  proposition,  which  sometimes  may  not  result  in  the  ideal  but 
meets  perfectly  the  ideas  and  requirements  of  the  party  buying 
the  light. 

/.  G.  Henninger: — With  reference  to  the  depreciation  in  can- 
dle-power of  lamps  due  to  dust  and  dirt,  I  have  investigated  a 
number  of  cases  and  can  say  that  it  varies  entirely  according  to 
conditions.  For  instance,  in  the  business  section  of  a  town  or 
city  it  would  be  considerably  greater  than  in  the  outlying  dis- 
tricts. In  some  cases  I  have  looked  into,  I  have  found  that 
in  the  down-town  district  the  depreciation  over  a  period  of  four, 
five,  or  six  months  in  some  instances  brought  the  resultant  il- 
lumination intensity  down  to  about  70  per  cent,  of  the  initial 
value.  As  has  been  said  before,  it  would  depend  on  the  man- 
ner of  use,  where  installed  and  how  often  cleaned.  The  glass- 
ware and  lamps  should  be  kept  just  as  clean  as  the  show  cases. 
If  the  floor  is  properly  sprinkled,  the  depreciation,  due  to  dust 
and  dirt,  would  be  considerably  lessened. 

My  idea  of  the  type  of  window  lighting  most  nearly  approach- 
ing the  ideal  would  be  that  similar  to  stage  lighting,  the  results 
of  which  could  be  seen  without  the  presence  of  the  lighting  units 
being  felt.  Another  thing  that  is  not  often  given  proper  con- 
sideration is  the  background.  In  a  store  window  which  I  saw  the 
other  day  the  lighting  units  were  placed  along  the  transom  bar 
and  provided  with  opaque  reflectors.  The  woodwork  in  the  win- 
dow back  and  ceiling  was  finished  in  pearl  gray.     The  rear  of 
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the  window  up  to  a  point  5  or  6  ft.  above  the  floor  was  cov- 
ered with  plush  curtains  of  a  light  gray  color.  The  effect  was 
beautiful.  The  window  had  the  appearance  of  being  full  of 
light,  although  this  fullness  was  not  in  any  way  objectionable. 
There  was  no  glare.  Every  article  on  display  stood  out  in  per- 
fect detail. 

A.  L.  Bustice : — While  v/e  are  on  the  subject  of  dust  and  dirt 
on  glassware  and  lamps,  I  would  like  to  say  a  word  or  two. 
Personally,  I  have  done  a  great  deal  of  work  along  these  lines 
in  collecting^  data  in  every  part  of  the  country  on  installations 
employing  all  types  of  units  and  reflectors  in  all  sorts  of  locations, 
and  I  believe  if  people  realized  the  waste  from  this  point  alone 
more  care  would  be  given  their  installation.  I  have  found  that 
out  of  about  1,000  tests  that  the  average  of  all  tests  would  indi- 
cate a  mean  depreciation -o^f  something  like  10  per  cent,  for  each 
month. 

Another  thing  which  I  think  is  always  under-estimated  is  the 
fact  that  in  laying  out  a  proposition  such  as  we  have  had  here 
tonight,  it  is  almost  universal  for  people  to  figure  on  a  definite 
efliciency  for  a  type  of  unit  without  considering  the  physical  sur- 
roundings The  physical  condition  of  the  unit  itself,  the  color 
and  general  nature  of  the  location  of  the  unit  and  the  Hke  have 
much  effect  on  the  operation  of  an  installation  as  the  efficiency  of 
the  unit  employed. 
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A  HIGH  EFFICIENCY  REFLECTOR  FOR  STREET 

LIGHTING. 


BY    CLAYTON    n,    SHARP. 


The  problem  of  the  satisfactory  illumination  of  pubHc  streets 
and  highways  is  one  which  we  shall  always  have  with  us.  The 
extent  of  the  streets  requiring  illumination  is  practically  lim- 
itless and  the  demand  for  more  light  in  unceasing.  The  bril- 
liant blaze  of  Broadway  which  represents  the  maximum  of  street 
illumination  to-day  may  be  the  standard  of  First  Avenue  a  few 
years  hence.  Residential  streets  are  far  better  lighted  to-day 
than  they  were  in  the  days  of  the  open  gas  flame,  but  the  illu- 
mination is  still  insufficient.  Country  highways  which  a  few 
years  ago  were  in  Stygian  darkness  are  now  outlined  by  street 
lights,  but  with  the  increasing  density  ond  speed  of  highway 
traffic,  the  need  of  a  more  effective  highway  illumination  is 
becoming  more  and  more  imperative.  In  the  fact  of  an  un- 
doubted demand  for  higher  degrees  of  illumination  and  for  con- 
tinuous extensions  of  lighting  systems  to  streets  now  unlighted, 
the  most  important  question  which  arises  is  that  of  economy. 
An  economical  street  lighting  system  can  be  realized  in  any  par- 
ticular case  by  the  selection  of  such  illuminants  as  shall  be  most 
economical,  by  the  proper  location  of  these  illuminants  and 
finally  by  the  most  effective  utilization  of  the  luminous  flux 
available. 

Great  progress  has  been  made  in  the  last  ten  or  twelve 
years  in  the  production  of  economical  illuminants  for  street 
lighting.  The  introduction  of  high  pressure  mantle  bui-ners,  of 
tungsten  lamps  and  of  flaming  arc  lamps  has  been  of  great  im- 
portance to  the  art  of  economical  street  illumination.  In  many 
respects,  the  most  significant  and  important  advance  has  been 
in  the  production  of  the  tungsten  lamp,  the  advent  of  which 
opens  up  a  field  in  street  lighting  which  was  formerly  entirely 
inaccessible  to  the  electric  supply  company  and  which  has  enor- 
mous   possibilities.     With    either    the    multiple    burning   or   the 
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series  burning  tungsten  lamp,  unnumbered  miles  of  residence 
streets  and  of  suburban  highways  can  be  given  an  economical 
illumination  which  formerly  were  either  unlighted  or  were  the 
exclusive  domain  of  less  manageable  and  less  powerful  illu- 
minants. 

In  the  production  of  devices  aiding  in  the  proper  distribution 
of  luminous  flux  for  the  economical  lighting  of  streets,  relatively 
little  progress  has  been  made.  In  interior  illumination,  this  is 
not  so.  Within  the  last  few  years  the  greatest  attention  has 
been  given  to  the  question  of  proper  shades  and  reflectors  so  that 
to-day  almost  any  requirement  can  be  met  by  appliances  actually 
on  the  market. 

The  problem  of  the  design  or  reflectors  and  globes  for  street 
lighting  is  quite  different  from  that  for  interior  illumination, 
although  this  difference  has  seldom  been  recognized.  For  the 
illumination  of  interiors,  it  is  desirable  that  a  certain  flux  of 
light  reach  the  ceiling  of  the  room.  The  ceiling  must  be  illu- 
minated, and  sends  back  a  proportion  of  such  flux  to  participate 
in  the  useful  illumination  of  the  room.  In  the  case  of  street 
illumination,  all  flux  leaving  the  fixture  above  the  horizontal 
plane  is  absolutely  wasted.  Therefore,  a  street  lighting  reflector 
should  direct  as  nearly  as  possible  all  luminous  flux  in  directions 
below  the  horizontal.  Furthermore,  in  interior  illumination,  the 
distribution  of  flux  about  the  vertical  axis  of  the  lamp  with  its 
reflector,  may  usually,  without  detriment  to  efficiency,  be  sym- 
metrical. In  the  illumination  of  streets,  the  case  is  quite  differ- 
ent. The  crosswise  dimension  of  a  street  may  be  taken  as  of 
negligible  importance  as  compared  with  the  lengthwise  dimen- 
sion. Therefore,  if  the  distribution  of  flux  be  symmetrical,  an 
undue  proportion  of  the  flux  is  directed  toward  the  sides  of  the 
street.  The  distribution  must  be  unsymmetrical,  a  far  greater 
proportion  of  flux  being  directed  lengthwise  of  the  street  than 
crosswise  of  the  street. 

The  requirement  of  street  illumination  is  that  the  roadway  and 
objects  in  the  same  shall  be  illuminated  to  a  degree  which  shall 
at  every  point  exceed  a  certain  minimum  value.  What  results 
from  the  ordinary  arrangement  of  lamp  alone  or  lamp  with 
symmetrical   reflector  is  that,   in   the   vicmity  of  the   lamp,   the 
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street  is  excellently  illuminated,  but  this  illumination  falls  off 
rapidly  with  the  distance,  so  that  at  a  point  midway  between 
lamps  it  has  a  relatively  very  low  value.  At  the  same  time  each 
lamp  distributes  crosswise  of  the  street  as  much  light  as  length- 
wise, and  only  a  small  proportion  of  this  light  is  effective  in 
lighting  the  street  itself,  the  major  part  being  wasted  on  the 
roadside.  Thus  the  ordinary  system  of  street  illumination  is 
very  inefficient  from  two  causes,  first  in  that  only  a  small  per- 
centage of  the  total  luminous  flux  is  incident  on  the  surface  to 
be  illuminated,  and  second  in  that  the  distribution  of  the  flux  so 
incident  is  such  that  the  illumination  in  the  immediate  vicinity 
of  the  lamps  is  unduly  high,  while  midway  between  lamps  the 
minimum  illumination,  which  is  by  far  the  most  important  factor 
to  be  considered  is  far  too  low. 

The  reflector  and  lighting  fixture  herewith  described  represent 
the  results  of  an  endeavor  to  obviate  these  disadvantages  of  the 
ordinary  system  of  street  lighting  and  thereby  to  obtain  a  more 
economical  and  more  uniform  illumination.  The  problem  was  to 
collect  the  luminous  flux  ordinarily  wasted  in  the  upper  hemis- 
phere and  toward  the  sides  of  the  street  and  to  redirect  that 
flux  so  that  it  would  be  incident  on  those  parts  of  the  street 
where  it  was  most  needed,  namely  in  the  region  midway  be- 
tween the  lamps.  This  result  should  be  accomplished  without 
interferring  with  the  natural  illumination  on  the  street  surface 
from  the  lamp  directly,  so  that  in  case  the  device  became  in- 
operative or  operated  badly,  as  by  the  accumulation  of  dirt,  the 
illumination  would  at  least  not  be  any  worse  than  if  the  device 
were  absent  entirely. 

It  is  clear  that  stray  light  could  be  collected  and  redirected 
so  as  to  illuminate  the  regions  midway  between  lamps  by  the 
use  of  a  parabolic  mirror  with  the  lamp  at  the  focus.  But  this 
arrangement  would  cut  off  the  necessary  light  near  the  lamp 
post  and  hence  would  be  impracticable.  This  difficulty  could  be 
met  by  cutting  away  the  lower  portion  of  the  reflector.  But  this 
arrangement  is  not  yet  all  that  is  desired  because  it  directs  the 
light  in  only  one  direction  instead  of  two  directions  180°  apart 
as  required.  This  condition  may  also  be  met  if  the  parabolic 
reflector  is  cut  through  vertically  in  the  focal  plane  and  a  simi- 
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lar  reflector  also  with  its  lower  half  cut  away  is  placed  back  to 
back  with  the  first. 

This  results  in  a  structure  which  does  not  obstruct  the  natural 
illumination  of  regions  near  the  lamp  and  which  by  redirecting 
light  otherwise  wasted  builds  up  the  illumination  in  the  dark 
parts  of  the  street.  Across-sectional  view  of  such  a  reflector 
is  given  in  Fig.  i,  A.  It  will  be  seen  that  the  semi-paraboloids 
are  inclined  to  each  other  so  that  the  tvv^o  reflected  beams  will 
fall  on  the  street  surface  at  the  required  distance  from  the  lamp 
post.  Fig.  I,  B  shows  an  end  view  of  the  reflector  and  lamp 
and   Fig.    i,    C   gives  a  perspective   view  of   the   exterior. 

An  objection  may  be  made  to  this  arrangement  on  the  grounds 
that  a  parabolic  mirror  throws  a  nearly  parallel  beam  of  light. 
Consequently  the  effect  of  the  proposed  arrangement  would  be  to 
illuminate  only  a  small  area  of  the  street  by  the  rays  coming  from 
the  mirror;  that  is,  at  a  point  midway  between  the  lamps  there 
would  be  a  little  bright  patch  which  would  amount  to  nothing 
as  far  the  general  illumination  goes,  while  the  surrounding  por- 
tions of  the  street  would  be  left  in  darkness  as  before.  This 
objection  would  be  a  very  valid  one  provided  we  had  a  very  small 
source  of  light  in  the  focus  of  the  mirror.  Then  the  effect  would 
be  that  of  a  searchlight  beam.  What  we  actually  have  in  prac- 
tice with  the  tungsten  lamp  is  quite  an  extended  source.  The 
result  of  this  is  that  the  beam  of  light  is  a  divergent  one  and 
at  the  distance  where  it  is  effective,  it  covers  a  considerable 
area.  The  angle  of  divergence  of  a  beam  of  this  character  is 
equal  to  the  angle  which  is  subtended  at  the  mirror  by  the 
source  of  light.  It  is  found  in  practice  that  this  angle  is  suffi- 
cient to  cause  reflected  rays  to  cover  all  the  area  of  the  street 
surface  which  is  required. 

The  idea  which  is  developed  above  of  using  two  semi-parabolic 
mirrors  pointing  in  opposite  directions,  may  evidently  be  ex- 
tended to  include  three  or  four  or  more.  For  example,  at  the 
intersection  of  streets,  a  reflector  would  be  used  which  has  the 
form  shown  in  Fig.  i  D.  It  is  clear  that  this  reflector  would 
not  be  so  effective  in  any  one  direction  as  is  the  two  direction  re- 
flector, because  the  luminous  flux  is  divided  by  four  rather  than 
by  two.     St'll  the  gain  resulting  from  the  use  of  this  reflector 
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would  undoubtedly  be  very  considerable.  The  most  effective 
form  being  the  two  reflector  form,  and  there  being  less  waste 
light  with  such  reflectors  as  are  commonly  in  use  in  the  case  of 
lamps  placed  at  the  intersection  of  two  streets  than  there  is  in 
the  case  of  lamps  placed  in  the  middle  of  a  block,  the  two 
direction  reflector  is  the  one  which  has  been  given  the  chief  at- 
tention up  to  the  present  time. 

The  first  reflector  which  I  had  made  was  constructed  of 
zinc.  The  zinc  was  spun  into  the  form  of  a  paraboloid  of  revo- 
lution cut  through  the  focal  plane.  This  paraboloid  was  after- 
ward cut  in  two  lengthwise  and  the  halves  were  mounted  in 
the  way  shown  in  the  diagram.  The  interior  of  the  paraboloid 
was  brightly  burnished  and  made  a  very  good  reflecting  surface.  In 
the  proper  position  in  this  reflector  a  50  candle-power  Gem  lamp 
was  mounted  and  the  fixture  was  raised  to  a  height  of  approxi- 
mately 15  feet  above  the  street.  The  normal  illumination  produced 
at  different  distances  by  the  reflector  was  then  measured  by  a 
portable  photometer  and  was  compared  to  the  illumination  which 
would  have  been  produced  by  the  lamp  alone.  The  latter  was 
however,  excepting  quite  close  to  the  lamp  post,  too  small  to  be 
measured  with  any  degree  of  accuracy.  This  test  was  carried  on 
on  a  quiet  residence  street  which  was  very  badly  illuminated 
by  series  incandescent  lamps  placed  some  300  ft.  apart.  The 
illumination  which  they  produced  was  so  small  as  to  be  negligible 
when  taking  the  measurements.  The  illumination  produced  by 
the  50  candle-power  lamp  with  reflector  was  striking  in  its 
effect  on  this  street.  One  person  meeting  another  approaching 
the  light  at  a  distance  of  500  ft.  could  recognize  the  other's  feat- 
ures. The  normal  illumination  values  obtained  in  this  test  are 
given  in  the  curves  in  Fig.  2.  Points  are  put  on  the  curves  to 
show  the  standard  values  adopted  for  the  magnetite  arc  and  for 
the  6.6  amp.  d.c.  enclosed  arc,  as  adopted  by  the  National  Elec- 
tric Light  Association.  It  will  be  seen  that  both  of  these  values 
are  considerably  exceeded  by  the  50  candle-power  incandescent 
lamp  with  reflector. 

The  results  of  this  test  were  so  encouraging  that  the  work 
was  taken  up  of  developing  a  commercial  form  of  street  lighting 
fixture   embodying  this  reflector.     In  this  part  of  the   work,   I 
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have  enjoyed  the  invahiable  co-operation  of  Mr.  S.  G.  Rhodes, 
Engineer  of  the  Street  Lighting  Dept.  of  the  New  York  Edison 
Co.,  and  of  his  very  efficient  assistants.  To  the  efforts  of  Mr. 
Rhodes  is  largely  due  the  successful  form  in  which  the  lighting 
fixture  now  is  found.  The  typical  form  of  this  fixture  for  in- 
candescent lamps,  which  is  patented,  is   shown   in   Fig.   3.     To 


Fig.  3. 

this  fixture  I  have  given  the  name  ''Equilux"  which  is  descrip- 
tive of  its  purpose. 

In  the  fixtures  so  far  made,  the  reflectors  have  been  enameled 
white  on  the  interior.  This  enamel  finish  has  the  great  ad- 
vantage of  being  permanent  and  easy  to  clean.  It  has  not 
however  the  very  high  reflecting  power  of  a  planished  metal  re- 
flector, and  consequently  is  considerably  less  efficient  in  increas- 
ing the  illumination.  The  planished  metal  reflector  is  open  to 
the  objection  that  the  light  from  it  is  very  intense  and  that  the 
glare  is  somewhat  blinding.  This  is  simply  another  way  of 
saying  that  it  is  delivering  a  very  powerful  beam  of  light  and 
that  it  is  very  efficient  in  doing  the  work  for  which  it  is 
intended.  Any  device  whereby  the  glare  is  diminished  at  the 
same  time  diminishes  the  efficiency.  The  white  enameled  re- 
flector   gives    less    glare ;    it    also   gives    less    powerful    directed 
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beams,  although  the  total  light  from  it  is  probably  nearly  as 
great.  It  is  necessary  therefore  in  choosing  reflectors  of  this 
kind  to  weigh  the  advantages  of  lack  of  glare  and  ease  of 
maintenance  of  the  white  enameled  reflector  against  the  very 
high  efficiency  of  the  polished  metal  type. 

A  number  of  temporary  installations  of  these  reflectors  have 
been  made  and  some  permanent  ones.  The  following  gives  the 
results  of  illumination  tests  made  by  the  Electrical  Testing 
Laboratories  on  two  of  these  installations. 

In  the  case  of  the  first  installation  there  were  five  Equilux 
reflectors  with  series  tungsten  lamps,  and  on  the  same  street  five 
reflectors  of  the  flat  round  type  with  flutings,  such  as  are  often 
used,  the  lamps  being  similar.  The  spacing  of  the  poles  was 
about  TOO  ft.  and  the  height  of  the  lamps  from  the  ground 
about  1 8  ft.  In  the  second  installation,  which  was  made  on 
what  was  practically  a  country  road,  the  spacing  of  the  poles 
was  130  ft.  and  the  height  of  the  lamps  from  the  ground  15  ft. 

With  this  installation,  also,  illumination  tests  were  made  under 
comparable  conditions  using  the  Equilux  reflector  and  a  standard 
round  reflector.  The  results  of  the  tests  on  the  first  installa- 
tion are  shown  in  the  curves  of  Figs.  4  to  7.  Those  of  the 
second  installation  in  Figs.  8  to  10.  It  will  be  seen  that  the 
Equilux  reflector  was  effective  in  increasing  the  illumination  in 
those  parts  of  the  street  where  it  is  naturally  deficient  and  that 
the  percentage  increase  was  quite  a  notable  one  in  those  regions. 

An  unexpected  result  was  that  the  illumination  directly  below 
each  lamp  was  also  somewhat  higher,  indicating  the  large  amount 
of  diffused  reflection  from  the  white  enameled  surface.  This 
diffused  reflection  is  a  cause  of  a  loss  of  efficiency  of  the  Equilux 
reflector  as  far  as  its  own  particular  function  is  concerned  of  in- 
creasing the  illumination  midway  between  the  lamps.  It  is  upon 
this  feature,  however,  that  the  absence  of  glare  from  the  reflector 
depends.  The  second  installation  tested  showed  a  result  which 
was  considerably  inferior  to  that  of  the  first  installation.  The 
reason  for  this  deficiency  was  found  in  the  character  of  the 
enamel  on  the  Equilux  reflectors,  and  being  simply  an  incident 
of  the  manufacture,  should  not  be  taken  as  detracting  from 
the   possibilities   of   the   type.     Even   with   the   inferior   enamel 
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the  increase  in  illumination  in  the  regions  where  the  hght  is  most 
needed  amounted  to  something  hke  50  per  cent.  This  means 
that  replacing  the  ordinary  type  of  reflector  with  Equilux  has 
much  the  same  effect  as  replacing  the  lamps  by  others  consum- 
ing 50  per  cent,  more  energy.  This  result  in  itself  is  worth  at- 
taining, but  as  indicated  by  the  other  tests,  by  no  means  repre- 
sents the  real  possibilities  of  the  .new  reflector.  It  is  safe  to 
say  that  with  the  Equilux  reflector  a  substantial  gain  of  100 
per  cent,  in  the  effective  illumination  can  be  obtained  with  the 


Fig.  10. 

enamel  type,  whereas  with  the  polished  metal  type,  there  should 
be  no  difficulty  in  increasing  the  effective  illumination  two  or 
three  hundred  per  cent. 

The  polished  metal  type  is  of  particular  applicability  to  the 
illumination  of  country  highways  where  for  reasons  of  economy 
it  is  necessary  that  lights  be  placed  at  very  considerable  dis- 
tances from  each  other.  Then  by  the  use  of  the  polished  metal 
Equilux  reflector  and  such  incandescent  lamps  as  are  ordinarily 
used  for  the  purpose  at  the  present  time,  a  very  acceptable  high- 
way illumination  can  be  obtained  with  but  ten  lamps  to  the 
mile.  As  has  been  said,  the  glare  from  this  polished  metal  re- 
flector is  objectionable.  However,  it  should  be  distinctly  under- 
stood that  this  glare  is  not  as  great  as  is  the  glare  from  an 
arc  lamp   with   clear   globe,   whereas  the   illumination  produced 


Fig.  II. 
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with  an  80  watt  tungsten  lamp  with  a  polished  metal  reflector 
is  at  least  comparable  with  that  obtained  with  the  ordinary  type 
of  arc  lamp  consuming  four  or  five  times  the  energy.  More- 
over, where  shade  trees  do  not  interfere  too  greatly,  tungsten 
lamps  with  polished  Equilux  reflectors  can  be  mounted  at  such 
an  elevation  above  the  road  surface  that  the  light  does  not  fall 


Fig.  12. 


too  directly  into  the  eyes  of  travelers.  This  would  require  sim- 
ply a  reflector  with  a  greater  angle  between  the  two  halves.  The 
efficiency  of  the  reflector  is  so  great  that  the  light  would  be  di- 
rected where  required  on  the  roadway  with  comparatively  little 
loss  due  to  the  increased  elevation. 

Certain  forms  of  street  lighting  fixtures  for  incandescent 
lamps,  in  which  the  reflector  has  been  incorporated,  are  shown 
in  Figs.  II  to  15.  The  appearance  of  these  fixtures  is  undoubt- 
edly somewhat  odd,  but  one  soon  grows  accustomed  to  their 
strangeness  and  they  are  by  no  means  displeasing.  To  the  engi- 
neer, the  obvious  efficiency  of  the  reflector  stamps  it  with  the 
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Fig.  15. 


pleasing-  appearance  possessed  by  almost  anything  that  is  clearly 
calculated  to  serve  an  evident  purpose. 

The  applicability  of  this  type  of  reflector  to  other  illuminants 
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should  also  not  be  lost  sight  of.  It  can  be  applied  also  to  mantle 
burners  and  to  arc  lamps,  though  probably  the  effectiveness  of 
it  in  the  case  of  these  sources  of  light  would  not  be  so  great  as  in 
the  case  of  incandescent  lamps. 

There  are  also  other  fields  of  application  outside  of  street 
lighting, — for  example,  long  corridors  such  as  the  corridors  of 
a  hotel,  could  be  very  well  lighted  on  this  plan,  and  apart  from 
the  advantage  of  saving  of  electric  current  would  be  the  addi- 
tional advantage  that  the  light  would  not  shine  through  transom 
windows  to  disturb  the  sleepers  in  their  rooms.  The  same  ad- 
vantage should  be  noted  in  the  case  of  highway  lighting.  ]Many 
of  us  have  experienced  the  inconvenience  of  having  a  bright 
light  directly  in  front  of  the  house,  which  shines  in  our  win- 
dows at  night.  With  the  use  of  the  Equilux  reflector,  this  is 
prevented. 

It  is  believed  that  the  many  obvious  advantages  of  this  type 
of  reflector  must  appeal  strongly  to  all  who  are  interested  in 
effective  illumination  and  that  a  great  increase  in  the  economy 
and  in  the  efiiciency  of  illumination  in  particular  fields  to  which 
this  reflector  applies,  will  be  accomplished  by  its  use. 
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ILLUMINATION  TESTS. 


BY  CLAYTON  H.  SHARP  AND  PRESTOX  S.  MILLAR. 


The  importance  of  illumination  tests  has  been  amply  recog- 
nized in  the  Transactions  of  the  Illuminating  Engineering  So- 
ciety and  in  the  practice  of  illuminating  engineers  both  in  thi= 
country  and  abroad.  Many  of  the  tests  which  have  been  made 
have  been  valuable  in  advancing  the  art  of  illuminating  engi- 
neering. Most  illumination  tests,  however,  have  been  made  with 
some  specific  purpose  in  view,  and  hence  have  not  included  some 
of  the  elements  without  which  a  study  of  an  illumination  installa- 
tion cannot  be  said  to  be  complete. 

It  is  the  purpose  of  this  paper  to  present  the  results  of  certain 
illumination  measurements  which  have  been  made  chiefly  with 
three  objects  in  view:  first,  to  illustrate  tests  which  can  be 
made  and  methods  which  may  be  employed  in  the  study  of  the 
illumination  of  an  interior :  secondly,  to  illustrate  methods  of  dis- 
cussion of  results :  and  thirdly,  to  illustrate  the  degree  of  accuracy 
which  it  is  practicable  to  attain  in  work  carried  out  with  ordinary 
field  equipment. 

Messrs.  Little,  Macdonald  and  McKay  of  the  Electrical  Test- 
ing Laboratories,  very  kindly  volunteered  their  services  in  actually 
making  these  measurements,  and  the  authors'  thanks  are  due 
them  for  their  courtesy  and  for  the  eflectiveness  with  which  the 
tests  were  carried  out. 

Test  Conditiox-^s. 

The  tests  were  •  conducted  in  a  room  12  ft.  7  in.  (3.85  m.) 
long.  12  ft.  2  in.  (3.71  m.)  wide  and  9  ft.  10  in.  (3  m.)  high. 
The  ceiling  was  covered  with  white  cloth.  The  walls  were  gray- 
ish-white, and  the  windows  were  covered  with  manila  paper. 

There  were  provided  for  the  ceiling  and  walls  black  cloth 
coverings,  which  reflected  practically  no  light  and  which  could 
be  removed  readily.  A  screen  was  constructed  by  which  the  test- 
plate  of  the  photometer  could  be  shielded  from  all  direct  light 
from  the  light  source,  while  a  minimum  of  light  from  the  ccilii^e 
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and  walls  was  obscured.  A  second  screen  was  of  such  shape 
and  dimensions  as  to  shield  the  plate  from  all  direct  light  from 
the  light  source  and  from  the  ceiling,  while  obscuring  a  minimiiin 
of  light  from  the  walls.  A  third  box-like  screen  was  so  designed 
that  all  light  reflected  from  the  walls  directly  could  be  screened 
from  the  test-plate,  while  a  minimum  of  ceiling  light  w^as  ob- 
structed. 

The  Hght  source  consisted  of  a  single  250-watt  bowl-frosted, 
metallized-filament  lamp,  held  at  the  watts  necessary  to  produce 
its  rated  candle-power  and  equipped  with  a  satin  finish  pris- 
matic bowl  reflector,  mounted  in  a  form-A  holder.  This  unit 
was  mounted  upon  a  drop  cord  from  a  center  outlet  on  the 
ceiling,  the  bottom  edge  of  the  reflector  being  9  ft.  4  in.  (2.84 
m.)   above  the  floor. 

Fig.  I  shows  the  curve  of  the  distribution  of  light  about  the 
lamp  and  reflector  used  in  these  tests.  The  values  given  are 
apparent  candle-power  as  observed  at  a  distance  of  10  ft.  (3.05 
m.)    from  the  light  source. 

Studies  were  made  of  the  illumination  on  a  horizontal  plane 
36  inches  (0.91  m.)  above  the  floor,  (the  ''table  plane")  and  on 
the  ceiling  and  walls.  The  horizontal  plane  was  divided  into 
25  rectangles  of  equal  areas.  A  test  station  was  located  in  the 
center  of  each  such  rectangle.  In  some  of  the  tests  upon  the 
ceiling,  corresponding  test-station  measurements  were  followed 
In  other  tests,  stations  were  located  in  the  centers  of  larger  rec- 
tangles, both  upon  the  ceiling  and  upon  the  walls.  At  each  test- 
station,  three  to  five  settings  w^ere  made  by  one  observer. 

Study  of  Illumination  on  Table  Plane. 

A  series  of  tests  of  the  horizontal  illumination  on  the  table 
plane  was  laid  out  with  a  view  to  determining  by  direct  measure- 
ment, not  only  the  total  flux  on  that  plane  with  the  room  in  its 
normal  condition,  but  also  the  proportion  of  such  flux  which  was 
contributed  by  the  light  source  directly,  by  the  ceiling,  and  by 
the  walls,  respectively. 

For  example,  with  the  walls  and  ceiling  covered  with  black 
cloth,  the  illumination  on  the  table  plane  was  that  due  to 'the 
lamp  alone  (Test  A)  :  with  the  walls  black  and  the  ceiling  white, 
the  illumination  was  due  to  the  lamp  directly  and  to  the  light  of 
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the  lamp  reflected   from  the  ceilmg,   (Test  B)  :  with  the  direct 
rays  of  the  lamp  screened   from  the  test-plate,  the  illumination 


Fig.  I. 


measured  was  that  due  to  the  light  of  the  lamp  reflected  from 
the    ceiling,    plus    the    light    of    the    lamp    reflected    from  the 
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the  walls,  plus  the  light  of  the  walls  reflected  from  the  ceiling, 
plus  the  light  of  the  ceiling  reflected  from  the  walls  (Test  E). 

In  all  tests,  the  light  reflected  from  the  brown  linoleum-covered 
floor,  from  objects  on  the  floor  and  from  the  wainscoting,  below 
the  36-inch  plane,  has  been  ignored.  The  conditions  under  which 
the  various  tests  were  made  are  summarized  in  Table  A. 

TABLE  A— Conditions  under  which  Illumination  Intensity 
ON  Table  Plane  has  been  Measured. 

Test  Ceilinjr  Walls*     Light  source  Light  reaches  photometer  from 

A Black-  Black  ..  L 

B Black  ..  LfC 

C Black  . .  . .  Iv  W  +  WW 

D ..  ..  L  ^  C  +  W -f  CW    r  WC  +  WW 

E ..  Obs.'  C  +  W   f  CW  +  WC  4   WW 

F Black  Obs.  C 

G Black  ..  Obs.  W  WW 

H Obs.  Obs.  C  -  CVV 

I Obs.  . .  I.    r   C  -h  CW 

J Obs.  ..  Obs.  W  WC  +  WW 

Key — L  Light  source. 

C        — -  Ceiling. 
W         -  Walls. 

CW   -=  Wall  light  via  ceiling. 
WC      -  Ceiling  light  via  walls. 
WW    -  Wall  light  via  other  walls. 

Note — Light  source,  ceiling  and  walls  are  considered  to  remain 
unmodified  where  not  otherwise  stated. 

From  the  data  obtained  in  these  tests  the  composite  light 
flux  which  produces  the  illumination  on  the  reference  plane  can 
be  analyzed  and  the  value  of  each  component  perpendicular  to 
the  plane  can  be  ascertained.  Moreover  the  value  of  the  com- 
ponents is  in  most  cases  not  only  known  by  direct  measurement, 
but  it  can  also  be  derived  by  adding  or  subtracting  values  obtained 
in  other  tests  in  which  they  are  involved  with  other  quantities 
By  comparing  such  derived  values  with  those  obtained  by  direct 
measurement,  a  good  check  is  obtained  on  the  accuracy  of  the 
work  and  on  the  validity  of  the  methods  employed. 

To  get  the  luminous  flux  in  lumens  on  the  table  plane  under 
each  of  the  above  conditions,  the  average  illumination  intensit} 

'  Down  to  line  36  inches  above  floor. 

'■^  Covered  by  non-reflecting  black  cloth. 

»  Photometer  te>t-plate  shielded  from  light  by  .screens. 
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must  be  multiplied  by  the  area  of  the  plane,  which  was  153  sq. 
ft.  (14.25  sq.  m.).  The  average  illumination  intensity  was  found 
by  averaging  the  values  obtained  at  the  25  test-stations.  This 
procedure  was  allowable,  because  these  test-stations  were  situated 
at  the  centers  of  equal  rectangles  uniformly  distributed  over  the 
plane. 

TABLE  B. — Determinations  of  Total  Light  Flux  and   Distribution 
OE  Light  Flux  Upon  Plane  oe  ReeerEnce. 

, Flux  from — ^  Sum 


Test-  Light  source  Walls  and  ceil-       (tests 

stations  (test  A)  ing  (test  E)         A  +  E) 

1  0.78  ft.-c.  I.I  I  ft.-c.  1.89  ft.-c 

2  1.08         1.23  2.31 

3  1-22         1.33  2.55 

4  1.03       1.27  2.30 

5  0.72       1.05  1.77 

6  1.05       1.30  2.35 

7  1.65       1.26  2.91 

8  1.98      1.30  3.28 

9  1. 51       1.27  2.78 
10  0.93       1. 31  2.24 


11  1.15  1.19  2.34 

12  1.85  1.25  3.10 

13  2.33  1.20  3.53 

14  1.76  1.22  2.98 

15  1.07  1. 21  2.28 


16  0.94  1. 21  2.15 

17  1.43  1-22  2.65 

18  1.80  1.20  3.00 

19  1.49  1.24  2.-]^ 

20  0.91  1. 18  2.09 


21  0.72  1.03  1.7s 

22  0.97  1.25  2.22 

23  1. 13  I.2I  2.34 

24  0.95  1. 21  2.16 

25  0.68  I. II  1.79 


Measurement 
of  total  flux 
(test  D) 

Variation — 
computed  from 
measured  value 

1.93  ft.-c. 

—2.1% 

2.35 

—1.7 

2.56 

—0.4 

2.24 

+2.7 

1.79 

—  I.T 

2.26 

-f4.o 

2.84 

+2.5 

3.28 

0 

2.90 

—4.1 

2.22 

+0.9 

2.30 

-t-i-/ 

3.06 

+1,3 

3-64 

—3-0 

3-13 

-4.8 

2.31 

—1.3 

2.17 

-^.9 

2.74 

—3-3 

3-04 

—1-3 

2.63 

+3.8 

2.10 

—0.5 

1.80 

—2.8 

2.19 

+1.4 

2.23 

+4.9 

2.13 

+1.4 

1.76 

+17 

Avg.  ft.-c.  1.25  i.2r  2.46  2.46  ±2.2% 

Lumens  191  186  ^il^  sy6 

Table  B  gives  the  detailed  data  on  three  of  the  above  test;?, 
showing  how  the  illumination  varied  at  different  parts  of  the  test- 
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plane  and  indicating  how  the  ilhimination  values  at  each  test- 
station  were  obtained,  not  only  by  direct  measurement,  but  also 
by  derivation  from  values  obtained  in  these  tests.  The  degree 
of  concordance  of  the  various  data  is  excellent  and  indicates  the 
high  accuracy  attainable  in  work  of  this  character. 

In  Table  C  is  given  a  more  complete  set  of  such  comparisons 
of  derived  values  with  values  determined  by  direct  measure- 
ment, the  method  of  derivation  being  indicated,  and  also  the  per- 
centage variations.  For  convenience,  all  results  in  this  and  later 
tables  are  expressed  in  lumens.  The  corresponding  foot-candle"^ 
or  meter-candles  may  be  computed  in  each  case  by  dividing  the 
stated  lumens  by  the  area  of  the  surface  in  square  feet  or  square 
meters,  respectively. 

TABLE  C— IixuMiNATioN  ON  Table  Pi.ane. 

, — Measured- —  Derived 

Components  Test     Lumens  Tests  Lumens  Variation 

Sum  of  all D        376            A -f    E  378  +0.5% 

I   -!    J  373  -  0.8 

A  +  H  +  J    380  -i-   LI 

Due  to  light  source  alone  . .     A          191             D  — E  189  -\-   i.o 

I    -  H  ]84  -  3-7 

B        F  184  -  3.7 

Due  to  ceiling  direct F            42             B  —  A  35  — 16.6 

Due  to  ceiling  indirect ..             H       F  26 

(Walls  via  ceiling) I   —  B  26 

Ceiling  total H            68             E— J  66  —3.0 

Walls  direct G            86             C  — A  80  —7.0 

Walls  indirect ..             J    — G  35 

(Ceiling  via  walls) 

Walls  total J           121             E  — H  119  —   l6 

I)  —  I  124  H    2.5 

In  only  one  instance  was  the  divergence  between  direct  and 
derived  values  at  all  serious,  namely,  in  the  case  of  the  flux  from 
the  ceiling.  The  value  derived  by  subtracting  the  flux  coming 
from  the  lamp  directly  from  the  flux  from  the  lamp  and  the 
ceiling  varies  from  the  directly  measured  value  by  16.6  per  cen<- 
This  discrepancy  does  not  appear  very  serious,  however,  when 
it  is  remembered  that  the  derived  value  results  from  subtracting 
from  each  other  two  nearly  equal  larger  quantities,  so  that  an 
error  of  three  per  cent,  in  cither  of  the  larger  values  would  ac- 
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count  for  the  i6  per  cent,  variation  in  the  smaller  value.  A 
similar  consideration  applies  to  the  7  per  cent,  difference  in  an- 
other test. 

Finally,  summarizing  results  given  in  Table  C,  we  have  the 
analysis  of  the  illumination  of  the  plane  of  reference  as  given 
in  Table  D. 

TABLE  D — Analysis  of  Rrfkrench  Plank  Illumination. 

Component  flux  from  Derivation  of  value  Total  lumens 

Light  source  direct Test  A  191 

Ceiling  alone Test  F  42 

TI7  11       •         -r                                                          •  Tests  H  —  F)  . 

Walls  via  ceiling <  . „  V  26 

Walls  alone' Test  G  86 

Ceiling  via  walls Tests  J       G  35 

o          f    11  I  Total  -^80 

S^^"^^f^^^ \TestD  376 

A  further  study  of  the  illumination  on  the  test-plane  can  be 
made  as  follows : 

Taking  the  average  of  all  measured  values  of  illumination  at 
equal  distances  from  the  point  immediately  below  the  lamp,  mean 
illumination  curves  were  plotted  showing  the  total  illumination, 
the  illumination  due  to  the  light  source  alone,  the  illumination 
due  to  the  walls  alone  and  the  illumination  due  to  the  ceiling 
alone.  These  curves  are  shown  in  Fig.  2.  In  comparing  point 
by  point  the  measured  total  illumination  intensity  with  the  sum 
of  the  components,  the  differences  were  found  to  average  less 
than  2  per  cent.,  the  maximum  individual  variation  being  5.4  per 
cent. 

Study  01^  Illumination  of  Ceiling  and  Walls. 

In  studying  the  illumination  of  ceiling  and  walls,  photometric 
procedure  was  followed,  which  can  be  employed  satisfactorily 
only  with  some  form  of  illumination  photometer  of  which  the 
illuminated  surface  or  test-plate  may,  when  required,  be  located 

^  This  value  includes  lij^lu  reflected  from  wall  to  wall  prior  to  being  reflected  from  a 
wall  to  the  plane  of  reference. 
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at  a  considerable  distance  from  the  photometer  itself.     The  ac- 
ciiracv  of  the  results  obtained  will  depend  of  course   in  great 


measure  upon  the  precision  capabilities  of  the  photometer  used. 

the  extent  to  which  the  photometer  complies  with  the  theoretical 

recjuirements,  and  upon  the  skill  and  experience  of  the  observer. 

In  the  tests  here  describcrl  a  detached  test-plate  was  located 
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on  the  ceiling  or  wall  in  the  position  and  at  the  angle  desired. 
The  photometer  was  removed  from  the  test-plate  a  sufficient 
distance  to  minimize  obstructions  of  light  due  either  to  the  in- 
strument or  to  the  body  of  the  observer.  The  test-plate  in  this 
instance  consisted  of  a  circular  sheet  of  de-polished  milk  glass, 
lOO  square  inches  in  area  (645  sq.  cm.)  with  an  opaque  backing. 
This  detached  test-plate  was  viewed  normally  through  the  pho- 
tometer in  all  cases.  While  not  a  perfect  diffusing  surface,  it  fol- 
lowed the  cosine  law  with  substantial  accuracy  through  an  angle 
of  60  degrees  from  the  normal,  and  therefore  served  all  prac- 
tical purposes  in  these  tests. 

For  a  number  of  reasons  it  is  not  to  be  expected  that  this 
work  with  the  detached  test-plate  will  be  as  accurate  as  the 
work  on  the  plane  of  reference  previously  considered,  in  which 
the  test-plate  was  attached  to  the  photometer.  For  one  thing, 
the  test-plate  is  more  than  11  inches  (27.9  cm.)  in  diameter,  and 
in  some  cases  the  illumination  on  the  area  represented  varies 
considerably,  in  consequence  of  which  one  portion  of  the  pho- 
tometric field  would  be  brighter  than  another,  and  it  would  be 
necessary  to  integrate  this  according  to  best  judgment  in  mak- 
ing photometric  settings.  Again,  in  some  of  the  tests  a  smaller 
number  of  test-stations  were  used,  in  consequence  of  which  the 
average  value  is  not  likely  to  be  determined  so  accurately.  In 
particular,  in  tests  P  and  Q,  the  central  test-station  brings  the 
test-plate  very  near  to  the  light  source  in  a  region  where  the 
illumination  changes  rapidly  from  high  to  relatively  low  inten- 
sity. In  this  one  instance  the  test-plate  was  not  located  in  the 
center  of  the  area  to  be  represented,  but  was  located  within  such 
area  in  accordance  with  best  judgment,  the  variations  in  illumina- 
tion throughout  such  area  being  considered.  Slight  variations  in 
the  illumination  of  this  test-station  would  affect  the  result  ma- 
terially. 

The  conditions  under  which  various  tests  were  made  employ- 
ing the  detached  test-plate,  are  indicated  in  Table  E. 

Since  time  did  not  permit  of  as  exhaustive  a  study  of  the  illumi- 
nation of  the  walls  and  ceiling  as  was  made  of  the  table  plane, 
it  is  not  practicable  to  analyze  the  flux  as  closely  and  accurately 
as  was  done  in  the  other  case.     Certain  analyses,  however,  may 
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be  made,  as  indicated  in  Table  F  for  the  ceiling  and  Table  G 

for  the  walls. 

TABLE  E— Conditions  undkr  which  Illumination  Intensity 
CN  Ceiling  and  Walls  has  Been  Measured. 

Light  Test- 

Test        source       Ceiling     Walls    plate  on  Light  reaches  photometer  fromi 

K Ceiling    L  +  W   f  WC  +  WW 

P Black         . .      Ceiling    L  +  W  +  WW 

g Black    Black  Ceiling     ly 

M Walls       L  +  C  +  ^W  +  WC  +  WW  J-  CW 

O Black        .  -      Walls       h  +  H^  ^-  WW 

R Black    Black  Walls       L 

S Black  Walls       L  +  C 

Note— Light  source,  ceiling  and  walls  are  considered  to  remain 

unmodified  where  not  otherwise  stated. 

TABLE  F — Analysis  of  Ceiling  Illumination.    Data  Refer  to  Flux 
Incident  Upon  Entire  Ceiling  Area. 

Direct  from  light  source  

Ceiling  light  reflected  by  walls  back 

to    ceiling     

Wall  light  reflected  to  ceiling    


Total  indirect  light   . 
Total  flux  on  ceiling 


Tests 

Lumens 

Lumens 

(Q) 

183 

(K-P) 

20 

(P-Q) 

77 

(K-Q) 

97 
280 

TABLE  G — Analysis   of  Wall   Illumination.    Data  Refer   to  Flux 
Incident  Upon  Entire  Wall  Area. 

Tests  Lumens        Lumens 

Direct   from  light  source    (R)  382 

Ceiling — first    reflection     (S — R)  116 

Walls — first   reflection    (O  —  R)  104 

Ceiling    via    walls    +    walls    via 

ceiling    (M  +  R)  — (0  +  S)        70 

Total    indirect    flux    on    walls...  290 

Total  flux  on   walls    672 

Note— Four  walls  are  considered  as  a  unit  with   respect  to  light 
incident  and  reflected. 

Among  the  values  determined  for  the  ilhimination  on  the 
table  plane,  ceiling  and  walls,  there  is  for  each,  the  flux  of 
light  incident  from  the  light  source  direct,  all  indirectly  reflected 

1  For  key  see  tabulation  K. 
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light  being  eliminated.  The  sum  of  the  values  of  such  com- 
ponents upon  each  plane  is  comparable  with  the  total  flux  of 
light  produced  by  the  light  source,  as  computed  from  the  curve 
of  light  distribution.     Such  a  comparison  is  made  in  Table  H. 

TABLE  H — Total  Flux  of  Light  from  Light  Source  Direct.    All  In- 
directly Reflected   Light   Being   Eliminated. 

Test  Lumens 

Incident   upon   ceiling    Q  183 

Incident  upon  walls   R  382 

Incident  upon   reference   plane    A  191 

Total     756 

Total     flux     computed     from     distribution    curve 

(Fig.    i)    779 

This  check  of  the  illumination  tests  shows  accord  within  3 
per  cent.  It  is  an  excellent  demonstration  of  the  validity  of 
the  methods  employed,  and  of  the  substantial  accuracy  of  the 
results. 

Study  of  Ceiling  as  a  Reflecting  Surface. 

From  the  data  shown  in  Tables  C,  F  and  G,  it  is  possible  to 
compute  the  reflecting  efliciency  of  the  ceiling  under  the.  con- 
ditions which  prevailed.  Such  a  test  appears  in  Table  I,  in 
which  the  total  light  reflected  from  the  ceiling  under  various 
conditions  is  compared  with  the  cotal  light  incident  upon  the 
ceiling. 

It  will  be  noted  that  63  per  cent,  of  all  light  falling  upon  the 
ceiling  from  the  walls  is  reflected  by  the  ceiling,  while  the  cor- 
responding value  for  the  light  incident  upon  the  ceiling  from 
the  light  source  alone  is  86  per  cent.  This  difference  is  probably 
due  to  the  fact  that  the  ceiling  receives  the  bulk  of  the  light  from 
the  light  source  at  angles  of  very  high  incidence,  under  which 
condition  it  would  naturally  display  a  most  favorable  reflection 
coefficient.  Moreover,  the  cloth  of  which  the  ceiling  was  com- 
posed allowed  less  light  to  pass  through  its  interstices  at  high 
angles ;  hence  reflected  a  larger  percentage. 

A  corresponding  study  of  the  walls  as  reflecting  surfaces 
appears  in  Table  J. 
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TABLE  I — Study  of  Ceiling  as  a  Reflecting  Surface. 

Reflecting  c&. 
Flux  Tests  Lumens      Lumens  ot  ceiling 

First  reflections  only,  multiple 

reflections  excluded 

Incident    upon   ceiling    from 

light    source     (Q)  183 

Reflected   to  table  plane    ..  (F)  42 

Reflected  to  walls (S  — R)  116 

Total    flux    reflected    from 

ceiling    ~  158  86% 

Multiple  reflections  only,  first 
reflections  excluded. 
Incident  upon  ceiling   from 

all  sources  except  light 

source     (K  —  Q)  97 

Reflected  to  table  plane  ....         (H  —  F) 

(I  —  B)  26 

Reflected    to    walls    (see  note)  35 

Total    flux    reflected    from 

ceiling     61  63% 

All  first  and  multiple 
reflections  included. 
Incident  upon  ceiling — 

From  It.   source    (Q)  183 

From   walls    (K  —  Q)  97 

Total    (K)  280 

Reflected    from     ceiling    to 
table  plane — ist  refl.  from 

Light  source   alone    . . .  (F)  42 

Refl.   of   It.   from   walls 

via   ceiling    (H  —  F) 

(I  —  B)  26 

Total    (H)  68 

Reflected    from     ceiling     to 
walls —    first    refl.    from 

Light   source  alone    ...         (S  —  R)  116 

Refl.     from     walls     via 

ceiling    to    walls     .  .        (see  note)  35 


151 


Total     

Total   refl.    from   ceiling    . .  219  78% 

Note   -See  tab.  G— Estimated  as  half  the  value  (M  -|  R)  —  (Q    !-  S). 
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TABLE  J — Study  of   Walls   as   Reflecting   Surfaces. 

Reflecting  effi. 
Flux  Tests  Lumens     Luinens  of  waUs 

First  reflections  only,  multiple 
reflections  excluded. 
Incident     upon   walls    from 

light    source    (R)  382 

Reflected  to  table  plane   ..  (G)  86 

Reflected  to  ceiling   (P  —  Q)  yy 

Total    flux    reflected     from 

walls     163  43% 

Multiple  reflections  only,  first 
reflection  excluded. 

Incident  upon  walls   (See  Tab.  G)  290 

Reflected  to  table  plane   . .         (J  —  G)  35 

Reflected   to   ceiling    (K  —  Q)  20 

55  19% 

All  first  and  multiple 
reflections  included. 

Incident  upon  walls    (M)  672 

Reflected    to    table   plane    . .  121 

Reflected   to    ceiling    97 

Total   flux   reflected    218  32% 

The  low  value  for  the  percentage  of  light  reflected  by  the 
walls  on  the  test-plane  and  ceiling  seems  reasonable,  if  we  re- 
member that  a  very  large  proportion  of  the  reflected  flux  travels 
from  wall  to  wall  and  is  finally  absorbed.  The  components  of 
this  flux  falling  upon  the  test-plane  and  upon  the  ceiling,  may 
reasonably  be  expected  to  be  rather  small ;  in  fact,  a  simple 
comparison  of  the  areas  involved  would  indicate  that  the  test- 
plane  and  ceiling  would  receive  a  smaller  percentage  of  the  Hght 
reflected  from  the  walls  than  do  the  walls  themselves. 

Determination  of  Specific  Intensity  or  Intrinsic 

Brilliancy. 

In  view  of  the  great  importance  of  this  element  in  illumination 
installations,  it  was  decided  to  make  such  determinations  upon 
the  walls  and  ceiling.  Time  did  not  permit  of  an  exhaustive 
study,  but  the  determinations  were  made  for  the  ceiling  when 
it  received  the  total  direct  and  indirect  light  flux,  and  again  when 
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the  walls  were  covered  with  black  cloth ;  also  for  the  walls  when 
they  received  the  total  direct  and  indirect  light  flux. 

The  detached  test-plate  previously  referred  to  was  calibrated 
as  a  standard  of  specific  intensity  by  producing  upon  it  illumina- 
tion of  hign  intensity,  determining  the  intensity,  and  determining 
the  illumination  which  the  detached  test-plate  produced  under 
those  conditions  at  a  stated  distance.  For  example,  in  the  stan- 
dardization test  an  illumination  of  48.8  foot-candles  was  produc- 
ed upon  the  test-plate,  and  it  was  found  that  under  this  condition 
the  test-plate  produced  a  normal  illumination  of  0.393  foot-candle 
at  a  distance  of  five  feet  (1.52  m.)  along  a  line  perpendicular 
to  its  surface.  This  yielded  a  specific  intensity  of  0.0982  c-p.  per 
sq.  in.  for  the  test-plate  as  illuminated,  which  corresponds  to  a 
specific  intensity  of  0.002  c-p.  per  sq.  in.  per  foot-candle  of 
illumination.  In  determining  the  specific  intensity  of  the  ceiling 
or  walls  immediately  after  the  illumination  intensity  had  been 
measured  by  means  of  the  detached  test-plate,  the  test-plate  was 
removed,  while  the  photometer  remained  in  position,  and  re- 
peated observations  yielded  the  specific  intensity  of  the  ceiling 
or  walls  as  compared  to  that  of  the  test-plate.  Table  K  recox'ds 
some  of  the  determinations  made  by  this  method. 

TABLE  K — Specific  Intensity  or   Intrinsic   Brii^liancv 
OF  Ceiung  and  Wai^i^s. 


Conditions                  Test 

Surface 
investig. 

Mean  for 
entire  surface 

Specific  intensity' — 
Minimum 
measured 

Maximum 
measured 

Nothing  obscured     L 

Ceiling 

0.0032 

0.0014 

0. 0097 

Walls  black T 

Ceiling 

0.0016 

0.0005 

0.0061 

Nothing  obscured     N 

Walls 

0.0031 

0.0023 

0.0047 

The  value  given  for  the  mean  specific  intensity  of  the  ceiling, 
0.0032  candle  per  square  inch,  may  be  roughly  checked  by  the 
use  of  the  following  equation :  F  =  tti,  where  F  is  the  average 
flux  per  square  inch  of  the  ceiling;  or  in  other  words,  the  total 
flux  divided  by  the  area  of  the  ceiling  in  square  inches,  and  i  is 
the  specific  intensity  required.  The  value  so  derived  for  the  mean 
specific  intensity  will  be  larger  than  the  value  obtained  by  meas- 
urement, because  it  is  based  on  the  assumption  that  the  surface 
of  the  ceiling  is  a  perfectly  diffusing  surface,  which  it  was  not. 
The  mean  value  for  Test  L,  computed  according  to  this  equation, 
is  0.0040  candle  per  square  inch. 

I  Expressed  in  c-p.  per  sq.  in. 
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PrLCISION  Oi-    Sl^TTlNG. 

Three  to  five  settings  were  made  at  each  test-station.  The  in- 
dividual variation  of  each  setting  from  the  mean  of  the  group 
of  settings  has  been  computed  in  all  cases  where  the  precision 
of  settings  was  not  influenced  by  the  use  of  obscuration  screens 
and  where  the  attached  test-plate  was  used.  In  all  there  were 
530  such  settings.  The  average  individual  variation  of  such  set- 
tings from  the  mean  of  their  group  is  i.o  per  cent.  The  great- 
est variations  of  individual  settings  from  the  means  of  their 
groups  were  — 6.1  per  cent,  and  -^5.0  per  cent. 

Summary. 

The  tests  and  discussions  presented  in  this  paper  include  studies 
of  the  illumination  on  the  table  plane  to  show  total  light  flux 
derived  from  the  light  source,  ceiling  and  walls  respectively ; 
studies  of  the  ceiling  to  show  light  flux  from  the  light  source  and 
walls  respectively;  studies  of  the  ceiHng  to  show  its  reflecting 
efficiency ;  studies  of  the  ceiling  to  show  specific  intensity ;  studies 
of  the  walls  to  show  light  flux  from  the  light  source  alone  and 
from  the  ceiling  respectively;  studies  of  the  walls  to  show  their 
reflecting  efficiency  and  sttudies  of  the  walls  to  show  their 
specific  intensity.  The  whole  forms  a  very  complete  investiga- 
tion of  the  illumination  in  this  installation,  incidentally  illustrating 
methods  of  tests  and  affording  opportunities  to  verify  test  re- 
sults. 
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DISCUSSION. 

G.  7\  Macbeth  : — I  believe  that  the  particular  kind  of  pho- 
tometer or  illuminometer  used  should  be  stated.  This  instru- 
ment is  so  valuable  to  our  work  that  too  much  information 
cannot  be  given  about  it  and  the  accessories  which  may  be  used 
to  advantage  with  it.  I  would  like  to  suggest  further  that 
the  authors  present  a  plan  and  elevation  of  the  room  showing 
the  location  of  the  test  stations,  position  of  the  source,  detail 
of  the  ceiling,  and  other  information  about  the  tests  described 
where  use  was  made  of  a  detached  test  plate ;  also  the  methods 
and  devices  used  when  determining  the  illumination  on  the  walls 
or  ceiling,  where  it  is  not  possible  to  place  the  screen  of  the 
illuminometer. 

C.  O.  Bond: — The  reflector  which  Dr.  Sharp  has  described 
should  constitute  a  step  forward  in  the  proper  lighting  of 
streets. 

I  notice  that  the  twin  parabolic  reflectors  are  arranged  in  a 
horizontal  plane  i8o  degrees  from  each  other,  which  means  that 
if  they  are  mounted  at  the  street  curb  line,  the  Hne  of  greatest 
illumination  will  be  coincident  with  the  curb.  Would  it  not  be 
well  to  place  these  reflectors,  say,  at  about  165  degrees  from 
each  other,  which  would  have  the  effect  of  giving  better  illumi- 
nation in  the  center  of  the  roadway.  Furthermore,  if  the  elec- 
tric lamps  used  with  the  reflector  were  frosted  on  the  under 
side  there  would  be  an  increase  in  the  light  to  be  re-directed  by 
the  reflector  and  a  decrease  in  the  direct  light  near  the  bottom 
of  the  lamp  post,  thus  to  some  extent  avoiding  ''spot  lighting." 

Bassctt  Jones,  Jr. : — The  curve  in  Fig.  2  of  Dr.  Sharp's  paper 
gives  the  illumination  at  50  candle-power  w4th  the  Equilux  re- 
flector at  points  200  feet  and  300  feet  away.  What  would  be 
the  effect  at  these  points  with  an  enamel  reflector?  Another 
point  is  as  to  the  maintenance  of  the  polished  surface.  I  do 
not  know  of  any  metallic  surface  that  will  stand  exposure  to  the 
weather.  My  experience  has  been  that  the  reflective  surface 
wears  off  very  rapidly,  due  not  to  the  accumulation  of  dirt,  but 
to  the  oxidizing  eft'ect  of  the  acids  in  the  air.  Hence  it  seems 
to  me  that,  in  a  reflector  of  this  t>[)c.  tlic  efficiency  of  the  de- 
vice  would    fall   off   rather   rapidly,    in    fact,    so   rapidly    that    it 
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would  affect  the  value  of  the  device  very  materially ;  at  least 
its  utility  would  be  affected. 

With  any  street  lighting  device  of  this  type  of  which  the 
units  have  to  be  set  at  long  intervals,  as  on  country  roads  which 
have  very  light  traffic,  if  we  use  very  large  units  as  Dr.  Sharp 
suggests  with  his  250-watt  tungsten,  a  serious  blinding  effect 
will  result.  If  the  lighting  fixture  is  placed  up  in  the  air,  we 
will  have  very  little  in  the  summer  months.  There  are  very 
few  roads  that  have  practically  no  trees,  the  larger  number 
of  roads  being  very  much  overhung  with  them;  hence  the  light 
would  be  mostly  in  the  trees.  Street  lighting  systems  have 
been  exceedingly  deficient  in  their  practical  effect.  I  recall 
an  installation  placed  upon  a  plane  of  100  feet.  In  one  particular 
system  80-watt  series  tungsten  lamps  were  spaced  about  200 
feet  apart  and  gave  an  excellent  illumination.  This  system  was 
a  good  illustration  of  efficient  street  lighting. 

M.  D.  Jones: — It  seems  to  me  that,  after  all,  it  is  the  hori- 
zontal illumination  that  is  important  in  street  lighting.  A  light- 
ing system  is  used  to  enable  one  to  see  to  the  best  advantage. 
This  brings  up  the  question  of  glare,  or  the  use  of  clear  globes 
for  street  lighting.  I  believe  it  is  unquestionable  that  in  de- 
signing a  street  lighting  system  too  much  attention  has  been 
given  to  the  question  of  illumination,  without  regard  to  the 
effect  of  it  upon  the  eye. 

H.  B.  Ives: — I  want  to  express  my  appreciation  of  the  prac- 
tical way  in  which  Dr.  Sharp  and  Mr.  Millar  have  treated  this 
question  of  the  walls  and  the  ceilings.  In  a  conversation  which 
I  had  this  afternoon,  someone  was  bemoaning  the  fact  that  it 
was  practically  impossible,  with  coefficients  of  reflection,  as 
given  in  tables  for  various  kinds  of  paper,  ceilings  and  so  on, 
to  calculate  what  the  approximate  illumination  would  be.  It 
was  brought  out  in  this  conversation  that  the  coefficient  of  re- 
flection for  a  wall  paper,  except  in  special  cases,  depends  upon 
the  operation  of  the  device  and  the  angle  of  reflection.  Hence 
it  is  too  much  to  expect  that  any  figures  could  be  given  to  cal- 
culate the  illumination,  due  to  the  varioirs  elements  of  the  sur- 
faces of  the  room.  It  seems  to  me  that  the  authors  are  de- 
serving of  commendation  for  presenting  the  problem  in  the  best 
manner. 
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V.  R.  Lansinyh  :— In  the  paper  presented  by  Dr.  Sharp  and 
Mr.  :\lillar  the  authors  have  gone  thoroughly  into  the  subject 
but  have  left  out  one  factor  which  it  would  have  been  well  to 
include.  This  factor  is  the  effect  of  the  floor  in  increasing 
the  illumination  in  the  room.  In  the  room  where  their  tests 
were  made,  the  floor  was  dark  and  probably  had  little  eft'ect, 
but  in  cases  of  a  light  floor,  such  as  white  mosaic,  there  may  be 
a  considerable  increase  in  illumination. 

In  a  paper  in  the  Transactions  of  the  Society  for  October, 
1908,  by  Mr.  Rolph  and  myself,  along  similar  lines  to  the  one 
under  discussion,  we  found  that  when  both  ceiling  and 
floor  are  light,  but  the  walls  dark,  these  was  but  little  increase 
in  illumination  due  to  the  light  floor.  This  is  also  true  when 
the  ceiling  is  dark  and  both  the  walls  and  floor  light,  but  if,  on 
the  other  hand,  all  three  factors  are  light,  we  have  a  marked 
increase  in  illumination.  This  means,  of  course,  that  the  eft'ect 
of  the  floor  in  increasing  the  illumination  of  the  room  is  due  to 
the  light  from  the  floor  being  reflected  to  the  ceiling  and  walls 
and  then  back  again  to  the  plane  of  illumination. 

In  the  case  where  reflectors  are  used  and  a  considerable  por- 
tion of  the  flux  is  thrown  to  the  floor  we  may  have  a  very 
considerable  increase  in  the  total  illumination.  Thus,  for  ex- 
ample, when  bare  lamps  were  used  with  light  floor,  ceiling  and 
walls,  there  was  an  increase  of  16  per  cent,  in  illumination  on 
the  test  plane  due  to  the  light  floor.  When  the  same  lamp  was 
equipped  with  a  reflector,  the  increase  was  38  per  cent.  In 
the  case  of  three  bare  lamps,  the  increase  was  20  per  cent,  and 
when  they  were  equipped  with  reflectors,  the  increase  was  30 
per  cent.  It  is  therefore  evident  that  when  we  are  dealing 
with  light  floor  and  walls  and  the  ceiling  of  the  room  is  fairly 
light,  there  may  be  a  considerable  increase  in  the  useful  illumi- 
nation. 

With  regard  to  Dr.  Sharp's  paper  on  street  lighting,  I  would 
like  to  emphasize  what  Mr.  Jones  has  said  with  regard  to  the 
physiological  effect  of  bright  lights.  TvTr.  A.  J.  Sweet  of  the 
Engineering  Department  of  the  Holophane  Company  has  been 
conducting  some  experiments  lately  on  the  physiological  cfifect 
of  bright  lights  in  the  field  of  vision,  and  I  would  like  briefly  to 
give  a  summary  of  his   results.     The  matter  was  presented   in 
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detail   about   two   months   ago   in   a  paper  before  the   Frankhn 
Institute.     The  method  of  test  was  as  follows : 

A  given  test  plate  was  illuminated  so  that  it  could  be  seen 
easily  by  an  observer  at  a  given  distance.  A  bright  light  was 
then  placed  directly  in  the  field  of  vision  and  it  was  found 
necessary  to  increase  the  illumination  on  the  test  plate  in  order 
to  be  able  to  see  as  clearly  as  before.  The  increase  in  illumi- 
nation was  duly  measured,  the  ratio  between  the  two  illumina- 
tions giving  the  net  efficiency  of  the  eye,  or,  in  other  words, 
the  extent  to  which  the  ability  to  see  had  been  lost  by  reason 
of  the  bright  light  in  the  field  of  vision.     Thus,  if  it  required 


Fig.  I. 


seven  times  as  much  illumination  on  the  test  plate  to  see  as 
clearly  after  the  light  was  in  the  line  of  vision  as  before,  the 
visual  efficiency  would  have  been  reduced  to  one-seventh  of  the 
former  value. 

Fig.  I  is  a  diagrammatic  sketch  showing  the  method  of  test. 
A  test  plate  covered  either  by  lines  at  a  slight  angle  or  alternate 
squares  and  circles  is  pinned  to  a  board  marked  A.  This  test 
plate  is  illuminated  by  an  opaque  reflector  and  lamp  marked  B. 
The  lamp  is  placed  in  series  with  a  rheostat,  so  that  the  illumi- 
nation on  the  test  plate  A  can  be  varied  at  will.  Directly  above 
the  test  plate,  but  so  placed  that  no  light  whatever  falls  on  it. 
is  placed  a  concentrating  reflector  and  lamp,  which  is  also  placed 
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in  series  with  a  rheostat,  so  that  the  amount  of  Hght  can  be 
varied  at  will.  The  observer  is  placed  in  line  with  the  test  plate 
A  but  at  various  distances.  In  the  test  actually  conducted  the 
distance  varied  from  20  to  60  feet. 

The  tests  were  conducted  as  follows:  First  the  plate  A  was 
illuminated  by  the  reflector  B  until  the  observer  could  distin- 
guish certain  squares  or  circles  as  adopted  in  ordinary  work  of 
this  character ;  then  the  light  C  was  turned  on,  and  it  was  found 
necessary  to  increase  the  illumination  on  the  plate  A  in  order 
to  distinguish  the  squares  or  circles  as  clearly  as  before.  The 
increase  in  illumination  on  the  plate  A  necessary  to  distinguish 
the  squares  or  circles  as  well  as  before,  can  easily  be  found,  as 
B  can  be  calibrated  so  as  to  read  the  illumination  on  the  plate 
A  directly  from  voltmeter  readings. 

Briefly  summarized,  the  results  show  that  in  the  case  of  a 
400  c-p.  lamp,  that  is,  when  the  amount  of  light  shining  in  the 
eye  is  equivalent  to  400  c-p.,  the  efficiency  of  the  eye  has  been 
decreased  by  87  per  cent.,  or  in  other  words,  it  takes  over  seven 
times  the  amount  of  illumination  to  be  able  to  see  under  these 
conditions  as  it  would  providing  the  light  were  not  directly  in 
the  Hne  of  vision.  Another  point  of  interest  is  that  even  with 
a  low  intensity  and  a  low  candle-power  in  the  field  of  vision, 
the  efficiency  of  the  eye  drops  ofif  markedly.  Thus  with  a  re- 
flector of  about  50  sq.  in.  cross  section  and  the  candle-power 
reduced  to  about  12}^,  giving  an  intensity  ot  one-fourth  candle- 
power  per  square  inch,  we  find  that  even  with  this  low  intensity, 
the  eye  has  dropped  in  efficiency  at  least  30  per  cent.  This  is 
contrary  to  the  prevailing  belief  that  with  a  low  intrinsic  bril- 
liancy, the  efficiency  of  the  eye  is  not  decreased  even  when  the 
source  of  light  is  in  the  field  of  vision.  It  is  thus  apparent  that 
in  the  case  of  street  lighting  the  gain  due  to  uniformity  of 
illumination  as  shown  by  the  illuminometer  may  be  more  then 
ofifset  by  the  decrease  in  efficiency  of  the  eye,  so  that  the  net 
visual  efficiency,  that  is,  the  ability  to  see  well,  may  be  low. 

The  next  part  of  Mr.  Sweet's  experiments  was  to  gradually 
raise  the  reflector  C  upward  so  that  it  was  taken  out  of  the 
direct  line  of  vision.  The  farther  up  it  was  raised  the  less  was 
the  effect  of  the  glare.  These  results  were  plotted  in  a  curve 
showing  the  increase  in  the   efficiency  of  the  eye  as   the   light 
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was  raised  out  of  the  field  of  vision.  By  referring  to  these 
curves  it  will  be  noted  that  at  an  angle  of  about  26  degrees 
the  effect  of  the  glare  had  disappeared,  although  both  the  lamp 
and  reflector  were  clearly  visible.  Thus  there  seems  to  be  a 
critical  angle  for  practically  all  candle-power  values  and  if  the 
light  is  above  this  critical  angle,  which  for  most  observers  seems 
to  be  about  26  degrees,  we  find  that  the  effect  of  the  glare  has 
vanished.  Hence  in  practical  work  to  get  rid  of  the  glare  we 
must  suppress  the  light  between  the  horizontal  and  26  degrees 
below.  Inasmuch  as  the  specifications  of  the  National  Electric 
Light  Association  call  for  the  light  from  a  street  lamp  to  be 
measured  at  10  degrees  below  the  horizontal  it  would  mean, 
if  Mr.  Sweet's  tests  are  correct,  that  an  entire  revision  of  these 
specifications  must  be  made,  providing  we  wish  to  obtain  visual 
efficiency  rather  than  illumination  efficiency  as  measured  on  the 
illuminometer.  Inasmuch  as  the  purpose  of  street  lighting  is 
to  enable  us  to  see  clearly,  it  is  evident  that  we  must  take  into 
account  both  factors  which  make  up  visual  efficiency,  namely, 
the  effect  of  distribution  as  measured  by  the  illuminometer  and 
the  efficiency  of  the  eye  as  shown  by  glare  tests.  A  combina- 
tion of  these  two  should  give  us  what  may  be  termed  "visual 
efficiency."  It  seems  to  me  that  Mr.  Sweet  has  laid  out  a  line 
of  work  which  should  be  carried  farther  and  that  we  should 
take  into  account  in  future  street  lighting"  both  factors  which 
go  to  make  up  the  effect  of  visual  efficiencv. 

Dr.  Sharp's  reflectors  are  extremely  interesting  and  undoubt- 
edly increase  very  largely  the  illumination  as  measured  by  the 
illuminometer  on  the  surface  of  the  street.  It  is  interesting  to 
note,  however,  that  the  idea  in  itself  is  old,  although  as  far  as 
I  know  this  is  the  first  actual  reflector  put  on  the  market  com- 
mercially. Something  over  four  years  ago  the  Holophane  Com- 
pany, experimented  with  a  similar  shaped  parabolic  reflector, 
except  that  the  lower  part  of  the  parabola  was  not  cut  away, 
as  it  was  not  necessary  on  account  of  the  light  which  shone 
through  it. 

M.  D.  Jones : — There  is  one  point  that  I  wish  to  discuss  in 
connection  with  Mr.  Lansingh's  remarks.  I  know  of  a  street 
in  a  certain  New  Jersey  town  that  is  lighted  with  rather  dull 
incandescent  lamps.     They  are  series  carbon  lamps,  not  of  the 
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best,  and  have  a  circular  reflector,  exceedingly  dirty,  so  that 
the  intrinsic  brilliancy  of  the  outfit  is  very  low.  I  have  been 
along  that  street  a  great  many  times  and  I  have  noticed  that  it 
was  absolutely  impossible  to  see  vehicles  that  were  driving  in 
the  opposite  direction  unless  they  had  very  bright  carriage  lamps 
or  the  usual  automobile  lamps.  In  walking  along  the  streets 
in  the  same  town  my  vision  was  arrested  at  this  critical  angle. 
I  was  not  aware  at  the  time  that  it  was  26  degrees ;  in  fact,  I 
did  not  notice  it,  because,  as  one  approached  the  lamp  the 
brilliancy  on  the  sidewalk,  which  is  of  ordinary  flagging, 
was  sufficient  to  offset  largely  the  effect  of  getting  under  the 
lamp.  When  near  the  fixture,  we  began  to  get  a  low  reflection 
from  the  sidewalk  into  the  eyes — the  same  effect  as  a  glare  of 
light  in  the  eyes.  I  do  not  think  it  is  a  matter  so  much  of  getting 
the  downward  rays  from  the  lamp  as  it  is  of  obtaining  the  gen- 
erally soft  illumination. 

The  light  on  the  sidewalk  was  not  particularly  bright,  but  the 
surroundings  were  very  dark,  so  that  the  intensity  was  sufficient 
to  blind  the  eyes  of  anyone  until  practically  under  the  lamp. 

Prof.  Shearer : — In  the  past  attention  has  been  given  mainly 
to  the  problem  of  the  economical  production  and  distribution 
of  light,  and  while  these  problems  are  by  no  means  completely 
solved  it  is  wise  to  take  up  the  study  of  the  eye  in  reference 
to  the  engineering  proposition.  The  physiology  of  the  receiver 
and  the  psychology  of  vision  are  important  parts  of  the  domain 
of   illuminating   engineering. 

As  an  illustration  I  may  mention  that  the  beautiful  uniform 
illumination  so  much  praised  in  many  cases  may  prove  very 
trying  to  the  eye.  Dr.  Northrup  and  I  missed  a  train  at  the 
new  Union  Station  in  Washington  recently  and  waited  in  the 
large  waiting  room  for  two  hours.  We  both  noticed  that  the 
eye  became  restless  and  fatigued. 

No  doubt  the  eye  has  been  developed  with  reference  to  nat- 
ural environment,  and  the  devices  for  protection  of  the  retina 
from  extreme  light  are  evidences  that  this  receiver  is  extremely 
delicate.  That  this  sensitive  mechanism,  of  whose  real  working 
we  know  so  little,  needs  constant  opportunity  for  recovery 
after  strong  excitation  by  the  reception  of  weaker  illumination 
or  the  variation  of  color,  admits  of  no  discussion.     It   follows 
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that  an  eye  forced  to  receive  uniform  illumination  for  any 
considerable  period  would  be  tortured  much  worse  than  by  oc- 
casional glare  relieved  by  dim  areas. 

I  hope  that  more  information  as  to  the  actual  behavior  of 
the  eye  under  various  conditions  may  be  obtained.  The  very 
interesting  experiments  described  by  the  President  to-night  are 
in  the  right  direction.  Care  should  be  taken  to  eliminate  the 
errors  due  to  expectation  and  retinal   fatigue.     By  the  discus- 


Fig-  3 

sion  of  such  matters  in  addition  to  the  study  of  economy  in  the 
dollar  sense  your  society  may  be  of  great  public  benefit. 

Clayton  H.  Sharp  and  P.  S.  Millar  (communicated  after  ad- 
journment) : — One  of  the  speakers  requested  that  information 
be  included  in  the  Transactions  regarding  the  details  of  the 
room  and  lighting  installation,  and  details  of  the  methods  and 
devices  used  in  making  the  tests.  Complete  information  as  to 
the  room  and  installation  may  be  found  under  "Test  Conditions" 
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in   the   paper.     The   devices   and   methods   used   in   making   the 
various  tests  may  be  best  described  by  illustration. 

Fig-.  3  illustrates  the  use  of  the  detached  test  plate,  by  means 
of  which  the  ceiling  and  wall  illuminations  were  studied.  The 
plate  1)  was  located  at  the  point  where  the  intensity  of  the 
illumination  was  to  be  measured.  With  all  intervening  screens 
removed,  the  surface  of  the  distant  illuminated  test  plate  is  seen 


/       / 
/       / 
/       / 
/      / 


/ 


// 

/     / 
/     / 


Ho  COT^ 


^ 


Fig.  4. 


in  the  field  of  the  observing  tube  in  juxtaposition  to  the  stand- 
ard photometric  surface.  Since  the  apparent  brightness  of  the 
plate  is  independent  of  its  distance  from  the  photometer,  the 
distance  of  the  plate  makes  no  difference,  provided  that  the 
plate  is  large  enough  to  cover  the  field  of  the  phoitomefter 
prisms. 

Tests  E,  F,  G,  H  and  J  were  made  while  no  direct  light  from 
the    light    source    was    permitted    to    fall    upon   the   photometer 
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test  plate.  Fig.  4  illustrates  the  disposition  of  apparatus  for 
such  tests.  The  screen  Si  was  black  and  opaque.  It  was  held 
in  position  directly  between  the  lamp  and  the  test  plate  at  some 
suitable  distance  from  the  latter,  in  order  that  it  might  obstruct 
direct  light  from  the  lamp,  while  obstructing  a  minimum  of  light 
from  the  ceiling  or  walls.  It  was  found  that  under  conditions 
of  such  uniform  illumination  as  prevailed  in  this  test  installa- 
tion, the   distance  between   the  screen   and  the  photometer  test 
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Fig.  5- 

plate  could  be  varied  considerably  without   altering  the   results 
materially. 

In  test  J  it  was  desired  to  obstruct  all  direct  light  from  the 
light  source  and  ceiling,  permitting  only  the  light  from  the 
walls  to  fall  upon  the  photometer  test  plate.  To  accomplish 
this,  screen  S2,  Fig.  5,  was  constructed.  This  consisted  of  black 
cardboard  of  length  and  breadth  proportional  to  the  length  and 
breadth  of  the  ceiling.  It  was  so  located  above  the  photometer 
test  plate  at  each  test  station  as  to  accomplish  the  desired  ob- 
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jcct.  To  facilitate  the  location  of  this  screen  a  small  pilot  lamp 
was  placed  at  each  corner  of  the  ceiling.  When  the  test  light 
source  was  not  operating  and  these  small  lamps  were  lighted, 
the  location  of  the  screen  became  a  comparatively  simple  mat- 
ter when  judged  by  the  four  shadows  which  the  screen  produced 
upon  the  test  plate. 

In  tests  H  and   I   it  was   desired  to  obstruct  all   direct  light 
from  the  walls,  permitting  only  light  from  the  ceiling  or  from 
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Fig.  6. 

the  light  source  or  from  both  to  fall  upon  the  photometer  test 
plate.  The  means  of  accomplishing  this  are  illustrated  in  Fig. 
6.  The  box-like  screen  S3  has  dimensions  proportional  to  those 
of  the  room.  It  was  mounted  independent  of  the  photometer, 
and  by  means  of  the  pilot  lamps  previously  referred  to,  was  ad- 
justed vertically  and  horizontally  until  it  accomplished  the  de- 
sired purpose  of  screening  the  photometer  from  all  light  com- 
ing from  the  walls.  The  photometer  used  was  a  Sharp  and 
Millar   instrument. 
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Clayton  H.  Sharp : — In  regard  to  illuminating  the  center  of 
the  road.  Of  course  the  two  sides  of  this  reflector  could  be 
placed  at  a  slight  angle  to  each  other  and  that  would  help  where 
all  the  lamps  are  on  one  side  of  the  street.  Where  the  lamps 
are  on  both  sides  of  the  street  the  present  arrangement  would 
be  better.  It  would  also  be  better  where  the  street  is  quite 
narrow;  where  the  lamps  are  placed  fairly  well  toward  the  cen- 
ter of  the  street;  and  where  they  are  suspended  from  the  cen- 
ter of  the  street.  In  any  device  of  this  kind  it  is  impracticable 
to  meet  exactly  all  conditions,  and  any  design  must  be,  there- 
fore, to  a  certain  extent,  a  compromise  design.  I  think  likely 
that  the  180  degree  arrangement  would  satisfy  the  greatest  num- 
ber of  cases,  although,  of  course,  the  slight  modification  which 
Mr.  Bond  suggests  can  readily  be  carried  out. 

The  tip  or  ''bowl"  frosted  lamp  might  be  used  with  good 
effect.  If  the  lamp  is  entirely  frosted,  the  increased  illumina- 
tion at  a  distance  with  this  reflector  is  not  marked,  for  this 
reason :  when  we  take  a  theoretical  parabolic  reflector  and  plane 
the  source  of  light  at  the  focus  of  that  reflector,  we  see  the  en- 
tire surface  of  the  reflector,  if  we  are  looking  along  the  axis, 
apparently  covered  over  with  an  illuminating  surface  which  has 
the  same  specific  intensity  as  the  source  which  is  placed  in  the 
focus.  That  is  to  say,  if  we  place  a  tungsten  filament  at  the 
focus,  and  if  we  look  at  the  surface  of  the  reflector,  it  is  as  if 
the  entire  surface  were  covered  over  with  tungsten  filaments. 
That  is  why  we  get  such  a  great  intensity  in  the  beam  of  a 
searchlight,  where  the  crater  of  the  arc  is  at  the  focus. 

However,  the  specific  intensity  or  the  candle-power  per  square 
inch  of  the  surface  of  the  reflector  is  not  greater  than  that  of 
the  source  itself.  It  must  be  a  little  less.  So  that  with  this 
reflector,  if  it  were  used  in  connection  with  a  frosted  bulb  lamp, 
we  get  an  apparent  specific  intensity  on  the  surface  which 
is  the  same  as  that  of  the  frosted  bulb,  and  that  is  not  very  great. 
There  is  no  glare  from  it  and  there  is  also  no  very  great  in- 
crease in  the  illumination  produced  by  the  projected  beam. 
The  beam  is  diffuse  and  it  does  not  amount  to  anything  com- 
parable to  that  produced  by  the  clear  lamps. 

With  the  clear  lamp  we  have  a  specific  intensity  correspond- 
ing to  the   filament   itself,   no   greater,   rather   less,    so  that  we 
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have  worse  conditions  as  regards  glare.  However,  going  to  a 
distance  from  the  lamp,  such  that  the  eye  comes  within  the 
26  degree  angle,  the  distance  from  the  lamp  is  so  great  that  the 
glare  does  not  interfere  very  much  with  our  seeing  things. 
When,  however,  we  come  up  nearer  the  lamp,  we  get  outside  of 
the  glare  produced  by  the  reflector,  and  have  the  glare  from 
the  lamp  alone,  as  we  should  have  it  with  any  type  of  reflector 
we  use. 

Air.  Jones  has  outlined  some  of  the  conditions  of  street  light- 
ing which,  in  many  practical  cases,  we  must  regard  as  ideal. 
No  doubt  it  is  a  very  great  advantage  in  street  ligl-^ting  to  cut 
down  the  specific  intensity  of  the  sources  of  light,  and  put  them 
so  close  together  that  fairly  uniform  illumination  is  obtained. 
Then  we  have  something  that  is  good.  But  we  could  do  very 
little  street  lighting  if  we  should  attempt  to  carry  it  out  alto- 
gether on  these  lines.  As  a  practical  question,  we  must  econo- 
mize the  light  which  we  produce  and  utilize  it  as  well  as  we 
can :  but  then  it  would  seem  almost  impossible  to  avoid  glaring 
lights. 

As  Mr.  Jones  has  said,  if  we  place  the  lamps  so  that  they  no 
longer  come  within  direct  range  of  vision,  they  are  quite  likely 
to  come  above  the  branches  of  the  trees,  illuminating  the  trees 
instead  of  the  roadway. 

In  Mr.  Sweet's  experiments,  as  I  understand  it  there  was 
about  85  per  cent,  diminution  in  the  sensibility  of  the  eye ;  the 
eye  was  looking  at  a  3(X)  or  400  candle-power  adjacent  to  the 
observed  object  and  at  the  same  distance.  In  that  instance 
the  glare  must  have  been  intense.  Of  course  it  decreased  the 
visibility   accordingly. 

At  the  other  extreme  we  find  the  condition  pointed  out  by 
Mr.  Jones,  w^here  the  reflected  light  from  the  sidewalk,  feebly 
illuminated  by  an  old  carbon  lamp  up  on  a  pole,  decreased  the 
visibility  of  other  objects.  We  have  come  to  the  point,  in  short, 
where  we  must  either  put  up  with  a  diminished  sensibility  of  the 
eye,  or  have  no  illumination.  In  the  latter  case  the  eye  will 
have  a  wonderful  sensibility,  but  it  will  not  see  anything. 

Of  course  the  brilliancy  of  a  polished  metal  surface  will  de- 
crease in  time.  The  first  one  of  these  reflectors  made  for  me 
is   about  two  years  old.     It  is  of  polished   zinc.     At  present  it 
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is  coated  with  a  thin  layer  of  oxide  but  the  polish  seems  to  re- 
main intact  underneath  and  the  reflector  is  still  efficient.  Granted, 
however,  that  the  polish  will  decrease  in  time,  we  have  to  offset 
the  greater  cost  of  maintenance  of  the  polished  reflector  against 
the  lower  efficiency  of  the  enameled  type ;  or  putting  it  in 
another  way,  we  have  to  compare  the  cost  of  taking  that  re- 
flector down,  perhaps  once  a  year,  and  cleaning  it  and  re- 
polishing  it,  with  the  cost  of  trimming  an  arc  lamp  fifty-two 
times  a  year.  It  is  quite  clear  that  this  cost  would  be  consid- 
erablv  less. 
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COLOR  \ALUES  OF  LIGHT  FROM  ELECTRIC  LAMPS. 


BY  G.   II.   STICKNEV 


It  goes  without  saying  that  the  color  of  artificial  light  should 
approximate  the  color  of  the  natural  daylight.  How  close  tliis 
approximation  must  be  depends  upon  the  use  to  which  the  light  is 
to  be  put.  ^Moreover,  it  does  not  always  follow  that  an  actual 
daylight  color  of  light  is  most  advantageous  for  all  purposes. 
In  fact  a  slightly  tinted  light  is  often  preferable.  The  features 
controlling  the  degree  and  quality  of  color  in  light  are  ability  to 
see,  pleasure  and  comfort  in  seeing,  and  color  matching  or  se- 
lection. 

In  order  that  we  may  arrange  our  thoughts  for  the  con- 
sideration of  color  problems  let  us  discuss  briefly : 

1.  The  physical,  physiological  and  psychological  aspects  of 
light. 

2.  The  lighting  characteristics  of  the  various  lamps  available. 

3.  Requirements  of  lighting  problems  and  general  applica- 
tions. 

Light. — Light,  as  we  all  know,  is  a  form  of  wave  energ\-. 
Light  waves  differ  fundamentally  from  heat,  sound,  and  other 
waves  merely  in  regard  to  frequency  and  wave  length.  We  or- 
dinarily recognize  as  light  those  wave  lengths  which  stimulate  the 
eye,  causing  sight.  These  different  wave  lengths  produce  the  sim- 
ple colors  of  light,  corresponding  to  the  production  of  different 
pitch  in  sound.  Msible  light  waves  represent  a  little  less  than  an 
octave  from  the  red  at  a  vibration  of  about  420.000,000,000,000 
per  second  to  the  violet  at  about  750.000,000.000.000. 

Unlike  sound  waves,  light  waves  are  seldom  produced  as 
simple  vibrations  but  rather  as  complex  vibrations.  A  beam  of 
light  is  usually  composed  of  a  number  of  different  wave  lengths. 
The  so-called  "simple"  white  light  is  the  most  complex  of  them 
all,  being  composed  of  all  the  dift'erent  wave  lengths  throughout 
the  visible  range  in  a  specific  combination. 

Daylight  being  the  predominating  light  gives  us  our  concep- 
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tion  of  white  light  and  makes  it  seem  common  and  simple. 
Since  daylight  is  emitted  by  the  sun  and  filtered  by  the  earth's 
atmosphere  it  is  not  an  absolute  fixed  standard  as  to  color,  but 
varies  through  a  certain  range  on  account  of  the  varying  absorp- 
tion of  our  atmosphere.  This  variation  is  produced  both  by  the 
degree  of  moisture  in  the  air  and  also  by  the  angle  at  which  the 
light  penetrates.  The  short  waves  being  most  affected  by  the 
atmosphere  are  deflected  and  give  the  effect  of  blue  sky,  while 
the  direct  sunlight  appears  of  a  yellowish  tint.  These  two  com- 
bined and  diffused  together  form  average  daylight. 

The  light  from  practically  all  artificial  sources  is  tinted  in 
color,  due  to  a  deficiency  or  excess  of  certain  wave  lengths,  de- 
pending upon  the  method  of  production.  Artificial  light  is  pro- 
duced from  vibrating  material  either  by  temperature  radiation 
or  luminescence.  When  we  raise  the  temperature  of  a  solid 
body  it  first  begins  to  glow  a  dull  red,  then  passes  through  the 
yellow  stage  to  the  so-called  white  heat,  as  the  shorter  waves 
are  added  by  the  increased  temperature.  With  the  increased 
temperature  comes  increased  efficiency.  Unfortunately  no  ma- 
terials have  been  discovered  which  are  refractory  enough  to 
withstand  the  temperature  corresponding  to  white  light.  Even 
carbon  operated  at  its  vaporizing  temperature  gives  a  slightly 
yellow  tinted   light. 

Luminescence  is  applied  to  the  production  of  light  by  other 
means  than  the  direct  temperature  effect.  Fluorescence  and 
phosphorescence  are  forms  of  luminescence,  but  they  do  not  at 
present  play  an  important  part  in  practical  illumination.  The 
flaming  arcs  and  other  forms  of  vapor  arcs  are  the  principal 
practical  examples.  With  these  lamps  the  color  of  the  light  and 
the  efficiency  become  functions  of  the  material  rather  than  the 
temperature  at  which  they  are  operated. 

So  far  we  have  discussed  the  color  of  light  objectively  in  terms 
of  its  original  production.  The  color  of  a  beam  of  light  may 
be  modified  by  the  surface  upon  which  it  falls  or  the  medium 
through  which  it  is  transmitted.  This  phenomenon  may  be  pro- 
duced by: 

1.  Absorption,   as   in   ordinary   surfaces   and   media. 

2.  Diffraction,  and  interference  as  in  thin  plates,  insects  wings, 
oil  on  water,  or  diffraction  gratings. 
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3.  Refraction,  as  in  the  prism. 

Absorption  plays  the  most  important  part  in  practical  illumi- 
nation, while  diffraction  and  reflection  are  particularly  inter- 
esting for  scientific  investigation. 

Most  of  the  color  modification  as  in  colored  objects,  colored 
glass,  etc.,  are  due  to  the  selective  absorption.  We  say  that 
an  object  is  red  because  it  reflects  red  light  and  absorbs  the 
complementary  color.  It  can  appear  red  only  when  light  falling 
upon  it  contains  the  wave  lengths  to  which  it  responds.  If 
the  light  is  deficient  in  red  the  object  is  dulled  or  may  even  ap- 
pear black.  For  example,  when  the  beam  from  an  arc  projector 
is  directed  on  a  white  screen,  since  the  light  of  the  arc  approxi- 
mates daylight  in  color  the  screen  appears  white. 

If  we  insert  colored  slides  in  the  lantern  the  screen  apparently 
assumes  colors  corresponding  to  the  colors  of  the  slides.  We 
hold  a  yellow  fabric  before  the  screen  and  it  appears  yellow  in 
contrast  to  the  white  background.  We  insert  a  yellow  slide 
and  note  that  both  the  screen  and  the  fabric  become  yellow, 
nearly  blending  in  color.  A  similar  effect  will  be  observed  by 
viewing  a  yellow  and  white  plaid  under  a  ydlow  light;  cor- 
responding effects  are  obtained  with  other  colors,  the  degree  de- 
pending upon  the  purity  and  correspondence  of  the  colors.  Again 
with  the  white  beam  we  examine  a  blue  fabric  against  the  screen. 
It  shows  up  rich  and  brilliant.  We  pass  series  of  yellow  slides 
of  various  shades  through  the  lantern  and  blue  fabric  is  radi- 
cally changed.  In  all  cases  it  is  dulled  and  in  one  case  appears 
nearly  black.  Here  again  the  phenomenon  is  not  peculiar  to  yel- 
low light  alone,  but  will  occur  whenever  an  object  is  viewed  in  a 
light  of  complementary  color. 

Most  absorption  colors  are  complex  and  contain  more  than 
one  wave  length.  This  is  illustrated  by  projecting  the  spectrum 
upon  the  screen,  whereby  the  pure  colors  are  arranged  in  order 
of  their  wave  length  from  red  to  violet  by  virtue  of  the  dis- 
persive effect  of  the  prism  which  diverts  the  short  waves  more 
than  the  long  ones.  By  passing  the  yellow  slides  before  the 
beam  of  light  we  find  that  the  yellow  beam  may  be  produced 
by  absorbing  all  but  the  yellow  light,  or  by  absorbing  all  but  the 
orange  and  green,  or  by  absorbing  merely  the  blue.  All  this 
brings  us  to  the  physiological  aspect. 
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We  see  by  the  projection  of  an  image  upon  the  retina  of  the 
eye  whereby  certain  nerve  centers  are  stimulated  and  the  im- 
pression  perceived. 

We  have  referred  to  the  limitation  of  the  range  of  visible  wave 
lengths.  Now  there  are  shorter  waves  than  the  violet  and 
longer  waves  than  the  red,  but  they  are  not  visible  because  the 
eye  is  not  able  to  discern  them.  The  short  waves  of  the  ultra 
violet  are  evidenced  by  their  chemical  action,  while  the  long 
waves  of  the  infra-red  are  shown  by  their  heat  effects.  The 
former  are  sometimes  referred  to  as  chemical  rays  and  the  lat- 
ter as  heat  rays. 

As  we  have  noted,  the  eye  is  unable  to  analyze  a  light  beam 
into  the  component  parts,  or  even  to  distinguish  between  simple 
and  complex  colors  This  is  due  to  the  construction  of  the  eye, 
which,  unlike  the  ear,  is  not  provided  with  a  receiving  element 
corresponding  to  each  wave  length.  The  color  sense  in  the  eye 
consists  of  only  three  divisions  corresponding  to  red,  green,  and 
violet;  and  all  color  sensation  depends  upon  the  proportion  in 
which  these  are  excited.  Moreover,  the  eye  has  no  fixed  stand- 
ard of  color,  and  many  conditions  effect  the  color  judgment. 
For  example,  if  we  spend  several  hours  in  a  yellow  tinted  light 
the  light  apparently  becomes  white,  and,  in  contrast  to  it,  day- 
light for  a  time  seems  blue.  Again,  if  we  place  two  colored 
objects  side  by  side  we  obtain  an  effect  called  ''simultaneous  con- 
trast," which  causes  one  or  both  colors  to  appear  of  different 
color  than  they  would  if  viewed  separately.  Again  if  we  look 
with  concentration  at  a  particular  color,  especially  if  it  is 
brilliant,  the  eye  may  become  fatigued  to  that  color  so  that 
it  appears  duller  or  blurred.  On  looking  away  an  after-image 
of  the  complementary  color  is  likely  to  be  seen. 

Another  feature  of  color  vision  which  is  often  interesting 
is  the  observed  difference  in  the  sensitiveness  of  the  eye  at  high 
and  low  intensity.  At  very  low  intensity  the  eye  is  apparently 
more  sensitive  to  blue  and  green  lights,  while  at  high  intensity 
it  is  more  sensitive  to  yellow  light.  This  is,  however,  to  some 
degree  counteracted  where  light  is  projected  to  some  distance 
or  through  fog  and  smoke  by  the  superior  penetrating  power  of 
the  yellow  light. 

All  people  do  not  see  colors  equally  well.     A  surprisingly  large 
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percentage  are  color-blind ;  that  is,  their  eyes  are  partly  or  wholly 
deficient  in  one  or  more  of  these  color  senses.  This  may  be 
caused  by  ill-health,  or  by  over  exposure  to  an  excessively  tinted 
light.  In  many  cases  partially  color-blind  people  are  unaware 
of  the  defect  or  are  thought  by  their  friends  simply  to  have 
an  eccentric  color  taste.  What  they  see  corresponds  to  what  a 
normal  sighted  person  sees  under  a  light  deficient  in  the  corre- 
sponding color.  Eyes  exposed  to  excessive  intensity  of  light 
are  differently  affected  by  colors  at  opposite  ends  of  the  spec- 
trum. With  red  light  a  burning  effect  is  immediately  felt  but  is 
not  likely  to  last  long.  Excessive  exposure  to  violet  or  ultra 
violet  produces  an  effect  which  often  does  not  develop  for  a  con- 
siderable time  and  may  last  for  a  long  period  or  become  per- 
manent. It  is,  therefore,  exceedingly  dangerous.  Fortunately 
the  light  of  none  of  the  common  illuminants  has  an  excess  of 
violet.  In  general  it  may  be  concluded  that  light  approximating 
natural  daylight  quality  is  safest  and  best  suited  to  the  eye. 

In  producing  artificial  illumination  it  should  be  remembered 
that  beyond  the  question  of  seeing  with  ease  and  comfort  it  is 
highly  desirable  that  the  light  should  contribute  to  the  pleasure 
of  seeing.  In  regard  to  this  feature  the  color  of  light  has  an  in- 
fluence in  connection  with  mental  suggestion.  No  other  light 
would  give  more  pleasure  in  seeing  out  of  doors  than  we  ob- 
tain from  bright  daylight.  A  tinted  light  would  make  the  day 
seem  dull  and  gloomy,  but  in  contrast  to  daylight  a  yellow  tinted 
light  indoors  produces  a  pleasant  sense  of  warmth  and  relaxa- 
tion, while  a  blue  or  green  tinted  light  produces  a  cold,  disagree- 
able  effect. 

The  choice  in  color  of  light  is  to  a  degree  dependent  on 
previous  experience  of  the  users.  This  is  often  evidenced  in 
the  sales  force  of  a  large  store.  The  speaker  has  frequently 
observed  difference  in  the  demand  of  diiferent  cities  or  different 
stores  for  the  handling  of  the  same  kind  of  merchandise.  As  a 
rule,  salesmen  who  have  always  sold  either  unit  white  or  yellow 
light  will  resist  a  change. 

The  spectroscope  and  the  spectrophotometer  serve  for  the 
study  and  measurement  of  color  light.  The  Ives  colorimeter 
is  a  useful  instrument  for  color  measurement.  Being  based  on 
the  three-color  principle  it  permits  a  simple  and  less  laborious 
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method  for  many  classes  of  color  measurement  than  the  spectra 
photometer.  The  lumichromoscope  and  color  booths  devised  by 
Mr.  W.  D'A.  Ryan  have  been  used  to  some  extent  to  show  the 
effect  of  colored  lig^hts  on  various  fabrics  or  colored  objects- 
These  instruments  are  especially  useful  for  practical  demonstra- 
tion. 

It  IS  evident  that  the  most  exacting  color  requirements  is  pre- 
sented when  the  light  is  to  be  used  for  color  matching  or  selec- 
tion. The  rigidity  of  this  demand  depends  on  the  kind  or  grade 
^f  material  as  well  as  the  process  involved. 

For  store  lighting  the  practice  is  to  provide  a  light  shghtly 
warmer  or  more  yellow  'n  tone  than  daylight  as  a  compromise 
between  daylight  and  evening  conditions.  While  this  may  not 
ensure  accuracy  in  selecting  the  most  delicate  shades  it  is  suffi 
ciently  accurate  for  ordinary  requirements  and,  furthermore, 
provides  a  pleasing  general  effect  in  the  stot-e. 

For  the  most  accurate  color  matching  in  textile  mills  there 
is  a  demand  for  a  light  approaching  the  north  sky  effect,  which 
is  bluer  than  average  daylight 

Two  essentials  of  accurate  color  matching  which  are  frequent- 
ly overlooked  are  intensity  and  diffusion  of  light.  Many  fail- 
ures to  match  under  artificial  illumination  have  been  due  in  part 
to  lack  of  intensity  and  proper  diffusion.  If  we  consider  the 
question  at  all  from  this  standpoint  it  becomes  perfectly  evident 
that  we  cannot  see  color  as  accurately  with  a  low  intensity  of 
light  as  with  a  high  intensity.  In  general  practice  stores  are 
not  provided  with  enough  artificial  light  to  compare  favorably 
with  day  illumination.  While  the  effect  of  diffusion  is  not  so 
readily  evident,  anyone  who  has  observed  the  effect  upon  a  deli- 
cate fabric  of  glaring,  flat  and  diffused  illumination  will  readily 
concede  the  importance  of  the  diffused  illumination. 

Let  us  consider  briefly  the  color  characteristics  of  some  of  the 
principal  electric  lighting  units  available.  The  lamp  most  com- 
monly used  for  the  most  accurate  color  matching  is  the  carbon 
arc.  In  discussing  the  color  of  the  light  from  arc  lamps,  it  is 
essential  to  differentiate  between  the  various  types  of  lamps  as 
there  is  considerable  difference  between  them.  The  light  of  the 
carbon  arc  is  composite,  being  produced  partly  from  the  glowing 
electrodes  and  partly  from  the  arc  stream.     The  electrode  light 
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is  slightly  yellow  in  tone  while  the  arc  stream  is  bluish.  The 
open  arc,  while  it  gives  an  excellent  quality  of  light,  has  been 
generally  superseded  in  this  country  by  the  enclosed  arc,  which 
produces  a  steadier  light,  is  cleaner  and  more  easily  maintained. 
Of  the  enclosed  arc  lamps  the  high-ampere  direct-current  lamp 
operated  with  80  volts  at  the  arc  gives  the  best  results.  Con- 
trary to  ordinary  belief  the  light  of  this  lamp,  particularly  when 
equipped  with  opalescent  globes,  is  perceptibly  warmer  or  more 
yellow  in  tone  than  daylight  as  the  crater  light  predominates  over 
that  of  the  arc  stream.  For  good  results  it  is  essential  that  the 
lights  from  crater  and  arc  be  thoroughly  mixed  and  diffused. 
This  is  one  of  the  important  functions  of  the  arc  lamp  diffuser. 
The  light  of  the  intensified  arc  is  very  slightly  warmer  in  color 
than  the  ordinary  enclosed  arc  since  the  small  diameter  of  the 
carbolns  makes  the  crater  light  still  more  intense.  On  the 
other  hand,  with  an  enclosed  arc  operated  with  160  volts  at  the 
arc  or  with  low  current  (say  four  amperes  or  less)  or  on  alter- 
nating current,  the  arc  stream  light  becomes  more  predominant 
and  produces  a  slight  purplish  tinge,  which  renders  the  light 
perceptibly  less  satisfactory. 

For  color-work  in  dry  goods  stores  and  for  viewing  paintings 
in  art  galleries  the  most  accurate  results  have  been  obtained 
from  the  6.5-ampere  direct-current  enclosed  arc  lamps  equipped 
with  diffusers  or  from  6-ampere  direct-current  intensified  arc 
lamps.  In  stores  where  the  provision  of  a  color  matching  in- 
tensity throughout  would  make  the  cost  excessive,  it  is  well  to 
use  color  rooms  or  booths,  wherein  either  white  or  yellow  tinted 
light  can  be  provided  at  will  to  simulate  day  or  evening  conditions. 

In  one  of  the  leading  button  factories  where  exacting  color 
selection  was  required  for  the  shading,  sorting  and  inspecting  of 
buttons,  satisfactory  illumination  was  provided  by  means  of 
6.5-ampere  direct-current  enclosed  arc  lamps  with  inverted  dif- 
fusers and  opalescent  outer  and  inner  globes.  The  work  was 
done  on  tables  10  ft.  long  by  4.5  ft.  wide.  Two  lamps  were 
hung  about  4.5  ft.  above  each  table.  In  this  process  buttons 
of  a  single  design  were  sorted  into  as  high  as  17  different  shades 
where  an  ordinary  observer  would  readily  detect  only  five  or  six 
even  under  daylight. 

For  color  matching  in  textile  mills,  where  the  north  sky 
effect  is   required,   the   English  practice  has   been  to   use  high- 
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current  open  arc  lamps  with  blue  glass  globes.  In  this  country 
the  direct-current  enclosed  arc  designed  for  currents  as  high  as 
1 6  amperes  has  been  used.  It  has  recently  been  found  prac- 
ticable to  better  these  results  by  providing  a  special  reflector 
with  a  particular  shade  of  blue  diffusing  glass.  Very  good  color 
has  been  obtained  by  means  of  carbon-dioxide  vapor  arc.  While 
this  gives  a  banded  spectrum  and  is  at  present  rather  expensive, 
it  is  an  interesting  and  promising  development.  The  nitrogen 
vapor  arc  gives  a  yellowish  or  pinkish  light.  The  direct-current 
magnetite  arc  gives  a  very  close  approximation  of  bluish  white 
light.  It  has  not  as  far  as  I  know  been  tried  out  for  careful 
color  matching. 

The  ordinary  flame  arc  lamp  is,  of  course,  too  yellow  for  this 
purpose,  but  there  is  a  white  flame  electrode  which  apparently 
approaches  white  light.  These  electrodes  have  apparently  not 
been  tried  to  any  extent  for  careful  color  work. 

The  ordinary  mercury  arc,  of  course,  shows  the  extreme  cast 
of  color  distortion  and  is  never  recommended  for  lighting  where 
color  is   important. 

All  the  lamps  of  the  incandescent  series  produce  a  yellow 
tinted  light  approaching  white  in  the  order  of  the  practical  oper- 
ating temperature  of  their  filaments,  namely,  carbon,  metallized 
carbon,  tantalum  and  tungsten.  The  color  of  the  light  is  warm 
and  particularly  pleasing  and  for  the  uses  to  which  they  are 
generally  put  arc  superior  to  white  light. 

The  Nernst  glower  ^^ives  a  light  of  about  the  same  color  as 
the  tantalum  lamp,  the  radiation  being  slightly  selective  or  lumi- 
nescent. 

The  light  of  the  tungsten  lamp  comes  near  enough  to  daylight 
for  general  store  lighting  and  ordinary  color  selection.  Its 
variation  is  in  the  direction  which  gives  the  most  pleasing  efifect. 
The  color  value  of  the  tungsten  lamp  has  recently  been  demon- 
strated by  its  selection  for  the  illumination  of  painting  galleries 
by  several* of  the  principal  art  museums  of  the  country. 

No  one  type  of  lamp  provides  a  color  of  light  suitable  for  all 
conditions.  In  many  cases  the  exact  color  is  not  the  determin- 
ing factor.  Any  lamp  approximating  daylight,  especially  if  the 
color  be  pleasing,  is  suitable.  Where  color  is  important  an 
electric  lamp  can  undoubtedly  be  selected  which  will  meet  the 
requirements. 
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A  paper  presented  at  a  meeting  of  the  Phila- 
delphia Section  oj  the  Flluminating  Etigmeer- 
ing  Society,  Philadelphia,  Pa.,  May  20,  igio. 


INCANDESCENT   GAS   LIGHTING 


BY   M.   C.   WITirAKER. 


This  paper  is  presented  for  the  'purpose  of  reviewing  some  of 
the  progress  and  development  in  incandescent  gas  lighting  during 
the  last  year  or  two.  The  subjects  naturally  divide  themselves 
under  several  headings  which  are  rather  disconnected. 

Fixtures. — The  gas  lighting  industry  has  its  greatest  trouble 
with  the  fixture  and  appliance  problem.  While  it  is  true  that 
buildings  and  houses  supplied  with  gas  are  often  equipped  with 
fixtures  put  up  under  contracts  these  contract  fixtures  are  fre- 
quently disapproved  by  gas  men.  1  he  minimum  price  reported 
is  $6.05  for  fitting  up  the  entire  house  vv^ith  gas  fixtures,  and  it 
can  hardly  be  expected  that  there  vdll  be  any  artistic  effect  or 
structural  value  in  fixtures  at  that  ^irice.  In  many  of  the  build- 
ings operations  the  owner  is  a  contractor,  or  an  operation  engi- 
neer, and  his  interest  is  simply  in  building  the  house  and  selling 
it.  Artistic  and  well  constructed  gas  fixtures  do  not  concern  him 
and  do  not  concern  the  prospective  buyer  until  it  is  too  late. 
In  the  last  year  or  two,  however,  a  great  deal  has  been  done  to 
improve  gas  fixtures.  The  accoiiipanying  cuts  will  show  the 
trend  of  this  development. 

There  is  a  well  established  movement  on  the  part  of  gas  fixture 
houses  to  give  gas  fixtures,  and  appliances  that  will  meet  any 
exacting  conditions  that  the  architect  or  illuminating  engineer 
may  choose  to  impose. 

Gas  Ignition. — The  developments  of  the  last  year  or  two  show 
considerable  progress  in  convenient  gas  ignition,  and  while  they 
do  not  present  anything  which  is  radically  new,  they  embody 
modifications  eliminating  defects  of  the  older  systems. 

The  principle  of  igniting  gas  by  producing  a  kindling  temper- 
ature in  or  near  the  burner,  by  means  of  a  wire  or  filament 
which  has  been  heated  to  incandescence  by  an  electric  current, 
is  not  new.     It  is  also  an  old  and  well-established  fact  that  a 
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mixture  of  illuminating  gas  and  air  under  certain  conditions  pro- 
duces, by  means  of  what  is  known  a?  catalytic  action,  a  "boost- 


I 


4 


Fig.  1. 


ing"  influence  on  the  temperature  of  a  platinum  alloy  filament. 
The  heating  of  the  filament  by  electricity  is  easy  to  control,  but 
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the  "boosting"  action  of  the  gas  is  very  difficult  to  control  so  as 
to  prevent  melting  the  filament. 


Fig.  2. 

The  success  of  this  igniter  is  dependent  upon  the  utilization  of 
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the  two  principles  referred  to ;  namely,  the  initial  heating  of  the 
filament  by  an  electric  current  and  the  final   "boosting"  of  the 


filament  temperature  by  the  catalytic  action  of  the  gas,  up  to  the 
kindling  point  of  the  mixture.     The  relation  between  the  resis- 
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tance  of  the  filament  and  the  energy  of  a  dry  cell  of  special  design 
was  worked  out  so  as  to  produce  temperature  in  the  filament  high 
enough  to  induce  the  catalytic  acdon.  For  the  purpose  of  il- 
lustration (see  Fig.  4),  we  will  say  that  this  temperature  is 
approximately  500  to  600°  Cent.  The  igniter  is  then  designed  so 
that  the  amount  of  gas  and  air  mixture  admitted  to  the  filament 
is  limited — being  determined  by  the  amount  required  to  uoost 
the  temperature  of  the  filament,  by  the  catalytic  action  mentioned, 
to  the  kindling  point  of  the  mixture  flowing  from  the  burner 
nozzle.  For  the  purpose  of  illustration,  we  will  say  that  this 
kindling  temperature  is  1500  to  1600°  Cent.  The  filament  has  a 
melting  temperature  of  approximately  2000°  Cent.  It  is  obvious, 
therefore,  that  the  igniter  construction  must  be  such  as  to  limit 
the  catalytic  action  and  keep  the  temperature  within  the  2000° 

Temperature  Temperolure  Kindlinq  Temperature     Meltinq  Point 

of    Room  of  Filament  of    Cas  of  Filament 

9  500'  1500°  2000' 

K-  Electric  Heat  -4. Calalqtic    Heat      4-Combustion  Heat-*] 

OH  K       Danqer  Zone       M 

LINEIOF     TEMPERATURES      INVOLVED 

Fig.  4. 

maximum.  Furthermore,  as  soon  as  the  ignition  takes  place, 
the  stray  currents  of  active  mixture  must  be  automatically  swept 
out  or  exploded  in  order  to  relieve  the  filament  of  any  further 
danger. 

The  problem  was  approached  on  those  lines,  with  the  result 
that  a  single  dry  battery  cell  was  found  sufficient  to  produce  the 
initial  action,  and  a  physical  construction  was  evolved  which 
would  give  the  necessary  amount  of  gas  and  air  mixture  to  the 
filament  gradually  and  progressively  to  carry  it  on  up  to  the 
ignition  temperature  .  The  instant  ignition  took  place,  all  danger 
was  automatically  removed. 

This  lighter  then  is  based  upon  the  general  principle  of  initia- 
ting a  limited  temperature  in  a  platinum  alloy  filament  by  an 
electric  current  from  a  small  dry  celL  "boosting"  that  temperature 
to  the  kindling  point  of  the  gas  by  the  action  of  the  gas  itself,  and 
still  keeping  that  temperature  withm  the  limits  of  safety  of  the 
filament. 


434      TRANSACTIONS  01^  ILLUMINATING  KNGlNEEiRING  SOCIETY 


MENT  Igniter 


OWN  Nipple 


fsgQjr-     •  Represents  Gas 
o  R  EPRESENT  s  Air 


Fig-  5- 
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This  device  is  attached  to  some  place  above  the  orifice  of  the 
burner,  so  that  the  gas,  which  is  Hghter  than  air,  will  flow  out  of 
the  orifice  and  up  through  the  igniter,  (Fig.  5).  The  wiring 
is  arranged  so  that  when  the  gas  is  turned  on  the  electric  circuit 
will  be  closed  and  the  train  of  action  started. 

The  simplest   form  of  this   device  is   shown  in  Fig.   6.     The 


L"4,^'«®>^-'- 


Hiar.  6. 


battery  is  stored  away  in  the  bottom  shell  of  the  fixture.  A  dry 
battery  will,  of  course,  run  down  in  time,  so  it  is  made  easily 
renewable.  The  fixture  is  a  singie-cock  control,  irrespective  of 
the  number  of  lights ;  the  user  simply  pulls  the  chain,  which  turns 
on  the  gas  and  makes  the  electrical  contact  to  all  of  these  little 
igniters,  one  of  which  is  on  each  burner.  When  the  lighting 
chain  is  released  the  lever  falls  back  and  breaks  the  electric 
circuit,  but  leaves  the  gas  on  the  burners. 
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vSome  complaint  has  been  made  about  the  time  required  to  light 
the  lamps  by  this  system.  It  should  be  remembered  that  the  gas 
has  to  run  down  through  the  arm,  through  the  burner,  out  to  the 
outlet  and  back  up  into  the  igniter,  aiid  it  does  not  take  any  longer 
in  the  case  of  the  igniter  than  it  would  with  a  match. 

A  magnetic  cock  has  been  devise*.!  by  means  of  which  gas  is 
turned  on  and  shut  off,  and  attached  to  this  cock  is  a  little  device 
to  close  the  circuit  to  the  lighter  This  cock  is  operated  by  a 
separate  set  of  batteries,  because  it  is  essential  that  the  battery 
for  the  lighter  be  constant. 

Outside  Lighting. — One  of  the  next  problems  which  has  con- 
cerned the  incandescent  gas  lighting  men  is  the  question  of  i«atis- 
factory  outside  lamps.  It  is  not  an  easy  matter  to  build  a  lamp 
which  will  stand  the  rain,  sleet,  wind,  and  the  various  other  con- 
ditions which  have  to  be  met  outside.  These  difficulties  have 
been  worked  upon  as  hard  as  any  ether  problems  connected  with 
illumination.  To  enclose  an  outside  lamp  so  as  perfectly  to  pro- 
tect it  from  the  elements  comes  near  the  point  of  constricted 
combustion.  On  the  other  hand,  to  open  it  up  and  give  the  best 
conditions  for  combustion  may  lead  to  too  much  exposure  to  the 
action  of  wind  and  rain.  Much  success  has  recently  been  attained 
in  the  construction  of  outside  lamps,  especially  in  inverted  outside 
lamps. 

Fig.  7,  shows  a  five-burner  outside  inverted  arc  lamp. 

Fig.  8  shows  smaller  unit  designed  for  porticos  and  outside 
single  units. 

Individual  Burners. — Single  burner  units  are  rapidly  becoming 
standardized  in  two  sizes :  the  regular  type  using  a  mantle  3.5  in. 
long  by  I  in.  in  diameter,  and  the  junior  type  using  a  mantle  2.5 
in.  long  by  ^  in.  in  diameter.  The  demand  for  burners  larger 
than  these  standards  with  big  mantles  is  rapidly  decreasing. 

The  junior  type  burner  was  developed  to  displace  the  open  tip. 
It  was  therefore  made  small  .and  compact  and  adaptable  to 
existing  and  standard  glassware. 

Fig.  9  shows  the  application  of  a  ''junior"  in  the  standard 
open-tip  gas  globe. 

Fig.  10,  shows  the  application  of  the  ''junior"  light  in  a  small 
electric  globe. 
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Mantles. — Recent   developments    in    the   mantle    business    are 
probably  as  marked  as  those  in  any  other  line  during  the  last  few 


Fig.  7- 

years.  They  begin  with  a  study  of  the  color  valuation  of  the 
light.  It  is  possible  for  the  mantle  manufacturer  to  control  the 
color  of  the  light  from  mantles  within  certain  limits,  and  this  can 
easily  be  demonstrated. 

In  store    lighting,  street  lighting,  and  in  public  lighting  there 
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is  a  demand  for  a  white  light.  That  demand  is  due  probably  to 
the  fact  that  the  recent  developments  in  the  electric  lamps  ^how 
a  white  light.  The  gas  consumer  therefore  also  wants  a  white 
light.  Another  reason  is  that  the  yellowish  light  has  a  peculiar 
effect  on  some  glassware,  making  it  look  dirty,  rusty,  or  reddish, 
whereas  a  white  light  makes  it  sparkle  like  diamonds  or  crystals. 


Fig.  8. 


The  manufacturer  has  been  driven  into  the  extreme  of  white 
light  mantles,  and  the  general  impression  exists  that  that  is  the 
only  kind  he  can  produce. 

Mantles  are  made  of  99  per  cent,  oxide  of  thorium  and  1  per 
cent,  of  oxide  of  cerium.  That  99  per  cent,  to  i  per  cent, 
produces  the  most  powerful  light  that  can  be  got  out  of  a  mantle. 
The  accompanying  table  and  curve  show  the  progressive  effect 
of  the  changing  chemical  compositions  on  the  candle-power,  and 
the  experiment  shows  the  progressive  color  changes  from 
purplish  white  to  orange-yellow. 
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Fig.   II,  shows  the  candle-power  and  percentages   curve. 


Fig-  9- 

The  mantles  from  the  beginning  in  1886  were  made  from  a 
basic  netting  of  cotton  fabric,  saturated  with  the  lighting  fluids, 
and  the  organic  matter  burned  out.  A  cotton  base  mantle, 
however,  shrinks  and  loses  its  shape,  and  its  candle-power 
deteriorates  rapidly,  due  not  only  to  shrinkage,  but  apparently  to 
other  causes. 

Ramie  fibre  has  been  substituted  for  cotton  in  many  mantles 
and  more  especially  in  inverted  mantles.     Ramie  is  a  fibre  made 
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from  China  grass.  The  fibre  has  a  remarkable  tensile  strength, 
and  when  spun  into  yarn  makes  a  very  strong  thread,  and  would 
naturally  be  expected  to  make  a  strong  mantle.  The  Ramie  base 
mantle  has  improved  characteristics,  when  compared  with  cotton, 
in  that  it  does  not  shrink  nor  lose  its  candle-power  to  such  an 
extent.  It  is  more  brittle,  however,  and  this  brittleness  increases 
as  the  mantle  is  used.     The  candle-power  of  the  cotton  mantle 


Fig.   10. 

deteriorates  from  35  to  40  per  cent,  in  a  1000  hours,  while  the 
Ramie  mantle  only  loses  15  or  20  per  cent,  of  its  candle-power. 
Cotton  and  Ramie  are  both  natural  fibres;  all  other  natural 
fibres  were  tried  with  more  or  less  success,  and  we  naturally 
turned  our  attention  to  artificial  fibres  as  offering  a  means  of 
improvement  in  mantles.  Artificial  fibres  may  be  made  from 
cellulose  in  the  form  of  minute  rods  or  wires,  twisted  together  to 
form  threads.  Fig.  12  is  a  piece  of  mantle  fabric  made  from 
this  artificial  fibre.  Mantles  made  from  this  fibre  radiate  the 
original  color  of  light  indefinitely,  and  are  better  than  anything 
yet  seen  in  the  mantle  line.     They  do  not  lose  their  candle  power, 
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and  after  2,000  hours  burning  the  candle-power  is  as  high  as  it 
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Fig.  II.— Curve  showing  relation  of  candle-power  to  per  cent,  ceria. 

was  in  the  begining.     After  8,000  hours  it  will  not  have  lost 
more  than  5  or  10  per  cent,  of  its  candle-power. 


Fig.  12. 


When  we  test  a  mantle,  we  first  read  its  candle-power  at  stated 
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periods,  say  at  the  end  of  100,  250,  500,  1000  hours,  etc.  and  every 
time  we  read  its  candle-power  we  take  its  picture.  By  putting 
it  in  the  same  position  every  time  we  can  detect  any  physical 
change  that  has  taken  place.     See  Figs.  13,  13A,  13B,  13C. 

This  cut  shows  the  comparative  condition  of  the  three  types; 
artificial  fibre,  Ramie  fibre,  and  cotton  fibre  inverted  mantles  at 


Fig.  14. 

the  different  test  stages  over  a  period  of  4,000  hours.  You  will 
note  that  the  artificial  fibre  mantles  have  undergone  practically 
no  change  in  their  physical  shape  and  are  still  in  perfect  condition 
at  the  end  of  4,000  hours'  continous  burning.  These  mantles  are 
just  as  sound  and  strong  at  the  end  of  the  test  as  they  were  at 
the  beginning,  and  the  photometric  observations  show  no  loss 
in  candle-power  up  to  2,000  hours  and  a  loss  of  less  than  10 
per  cent,  in  4,000  hours. 

The  Ramie  fibre  mantles,  while  they  have  not  undergone  any 
material  change  in  shape,  show  3  decided  weakness  at  the  end 
of  the  test,  as  shown  by  the  holes,  which  may  be  seen  in  the 
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picture,  progressively  developing.  The  photometric  observations 
show  a  slight  increase  in  candle-power  at  lOO  hours  with  a  loss 
of  20  per  cent,  at  the  end  of  4,000  liours. 

The  cotton  fibre  mantles  show  a  n;arked  shrinkage  and  phvsical 
deformation  with  a  consequent  decrease  in  candle-power  through- 
out the  entire  test,  reaching  in  the  aggregate  over  35  per  cent, 
at  the  end  of  4,000  hours. 

Mantle  Packages. — One  of  the  difficulties  of  the  incandescent 
mantle  business  is  the  ease  with  which  the  mantles  may  be  dam- 


Ki«.  15. 


aged  in  packing  and  removing  them  from  the  box.  The  stand- 
ard package  for  the  shipment  of  mantles  has  been  the  round 
paper  tube,  with  the  paper  Hd  top  and  bottom.  After  various 
unsuccessful  attempts  were  made  to  eliminate  the  difficulty  and 
danger  attending  the  removal  of  mantles  from  tubes,  square 
packages  were  taken  up,  both  for  the  upright  and  the  inverted 
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mantle.     Figs.    14  and    15.     These  packages  possess  many  ob- 
vious advantages  over  the  mantle  tubes. 

These  cursory  observations  represent  the  principle  developments 
of  the  last  year.  The  stopping  point  has  not  been  reached 
though  as  we  are  always  at  the  problem,  and  I  think  every 
manufacturer  should  be  if  he  expects  to  stay  in  the  business. 
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MINUTES  OF  COUNCIL  MEETING. 


JUNE  9,   1910. 


The  Council  meeting  on  June  9  was  called  to  order  by  Presi- 
dent E.  P.  Hyde,  the  others  present  being  Messrs.  V.  R.  Lan- 
singh,  J.  S.  Codman,  Edward  B.  Rosa,  and  A.  S.  McAllister. 

The  minutes  of  the  previous  meeting  were  approved.  Payment 
of  vouchers  520  to  552  inclusive,  aggregating  $818.84,  was 
approved  subject  to  the  approval  of  the   Finance  Committee. 

Dr.  A.  S.  McAllister  reported  that  he  had  contracted  for  the 
services  of  a  man  who  would  index  the  first  four  volumes  01  the 
Transactions  for  $100.00  and  hav';  the  index  ready  August  ist. 
Thereupon  the  meeting  resolved  that  the  committee  on  indexing, 
Dr.  A.  S. McAllister,  be  authorized  to  proceed  with  the  printing" 
of  the  index  for  the  first  four  years,  bound  separately  in  sufticient 
numbers  as  may  be  deemed  advisable. 

On  behalf  of  J.  Robert  Crouse,  Chairman  of  the  Committee 
on  Membership  Campaign,  President  Hyde  read  a  series  of 
letters  that  had  been  prepared  by  Mr.  Crouse  for  use  in  the 
campaign.  The  letters  were  approved  unanimously.  Moreover, 
the  meeting  resolved  that  a  hearty  vote  of  thanks  from  the 
Council  be  extended  to  Mr.  Crouse  and  other  members  of  the 
committee  for  the  thorough  and  comprehensive  plan  that  had 
been  formulated.  President  Hyde  added  that  Mr.  Crouse  said 
lie  would  probably  win  five  hundred  new  members  from  the 
campaign. 

The  Secretary's  report  show  the  following:  Cash  on  hand, 
June  1st,  $2562.44:  accounts  receivable  $1743.90:  accounts  pay- 
able $600.02  :  200  members  delinquent. 

The  proposal  that  metric  equivalents  be  placed  in  parentheses 
after  all  English  measures  given  in  papers  presented  before  the 
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Society  was  discussed  briefly.  It  was  agreed  that  such  practice 
would  be  advantai^cous  to  the  Society.  ^Moreover,  it  was  pointed 
out  that,  inasmuch  as  oonie  commercial  organizations  of  this 
country  had  adopted  this  scheme,  it  would  be  well  to  conform 
to  this  custom.  It  was  resolved  that  metric  equivalents  be  placed 
in  parentheses,  as  far  as  practicable,  after  all  English  measures 
given  in  the  papers. 

Upon  motion  duly  seconded  and  carried  it  was  ordered  that 
the  following  publications  be  added  to  the  Society's  list  of 
exchanges  : —  American — Journal  of  the  Franklin  Institute ; 
English— The  Electrician,  Engineering  Review,  Journal  of  Gas 
Lighting,  Technical  Index ;  Canadian — Electrical  News ;  Ger- 
man— Journal  fur  Gasbeleuchtung,  Physicalische  Zeitschrift ; 
French — La  Luniere  Electrique ;  and  that  the  Secretary  make 
from  time  to  time  such  additions  to  the  list  as  he  may  deem 
advisable. 

The  following  were  elected  to  membership : 

FooTE,  K.  M.,  115  Purchase  Street,  Boston,  Mass. 

Grant,  H.  E.  H.,  British  CoUimbia  Railway  Co.,  Ltd.,  Vancouver,  B.  C. 

Morris,  Roger  T.,  17  Milk  Street,  Boston,  Mass. 

Roberts,  F,  M.,  Fall  River,  Mass. 

President  Hyde,  with  the  approval  of  the  council,  extended 
the  rights  of  the  Executive  Committee  to  conduct  the  affairs  of 
the  Society  during  the  summer.  He  also  announced  that  should 
matters  requiring  especial  attention  arise  a  special  meeting  of 
the  Council  would  be  called. 

Payment  of  an  initiation  fee  was  waived  imtil  January  i,  191 1. 
The  following  committees  were  appointed  to  care  for  the  next 
convention  in  Baltimore : 

General  Committee:  V.  R.  Lansingh,  Chairman,  Ira  Remsen, 
Joseph  S.  Ames,  Douglas  Burnett,  S.  W.  Stratton,  J.  S.  Codman, 
George  C.  Keech,  Herbert  A.  Wagner,  Charles  M.  Cohn,  E.  B. 
Rosa,  Charles  O.  ]>ond,  P.  S.  Millar,  and  others  whom  the  com- 
mittee may  deem  advisable  to  select. 

Bntertaiimieiit  Committee:  Douglas  Burnett,  Joseph  Ames, 
F.  J.  Whitehead,  Procter  L.  Dougherty,  H.  K.  Dodson,  and 
others  deemed  necessary,  as  well  as  ladies,  subject  to  the  ap- 
proval of  the  general  committee. 
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An  estimate  to  reprint  Transactions,  of  which  only  a  few 
numbers  are  on  hand,  was  held  over  until  a  later  date. 

Upon  a  motion  seconded  and  carried,  the  President  was  di- 
rected to  appoint  a  committee  on  Constitutional  Revision.  The 
President  stated  that  he  would  announce  the  appointments  to 
the  committee  later. 


sectio:n^  meetings. 


NEW    YORK    SECTION. 

The  June  Meeting  of  the  New  York  Section  of  the  Illumi- 
nating Engineering  Society  was  held  on  Thursday  evening,  June 
9,  in  the  Engineering  Societies  Building,  29  W.  39th  Street,  New 
York. 

Chairman  E.  h.  Elliott  called  the  meeting  to  order  and  then 
asked  for  the  report  of  the  Nominating  Committee  who  pre- 
sented  the   following  names   for  election : 

Chairman,  A.  H.  Elliott;  Secretary,  A.  J.  Marshall;  Managers, 
S.   G.   Rhodes  and   L.   R.   Hopton. 

On  motion  made  and  seconded  the  Secretary  cast  the  ballot 
duly  electing  the  gentlemen  named.  Dr.  Clayton  H.  Sharp  then 
presented  the  paper  on  ''Incandescent  Lamps  as  Standards  of 
Luminous  Intensity,"  prepared  by  him  and  Mr.  Preston  S.  Mil- 
lar. Dr.  E.  B.  Rosa  of  the  Bureau  of  Standards  followed  with 
his  paper  on  "Photometric  Units  and  Nomenclature."  After 
an  interesting  discussion  the  meeting  adjourned. 

NEW     ENGEANl)    SECTION 

A  meeting  of  the  New  England  Section  was  held  at  Boston, 
Mass.,  on  June  13,  1910.  The  following  officers  were  elected  to 
serve  for  the  ensuing  year : — Charles  O.  Baker,  president ; 
Wm.  S.  Farrow,  secretary ;  Louis  Bell  and  Walter  G.  Africa, 
managers.  There  were  15  present.  A  paper  on  "Some  Matters 
Pertaining  to  Illuminating  Engineering"  was  read  by  J.  S.  Cod- 
man,   followed  by  a  discussion. 

CHICAGO    SECTION 

The  Chicago  Section  of  the  Illuminating  Engineering  Society 
met  in  the  restaurant  of  the  Lincoln  Park  Refectory  for  dinner 
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at  six  o'clock,  Thursday  evening,  June  23.  The  subject  of  the 
evening  was  a  general  and  very  informal  discussion  of  the  light- 
ing of  the   Refectory. 

The  room  is  finished  in  a  rough  tan  brick  and  ornamental 
Rockwood  tile,  the  dimensions  being  about  84  feet  by  48  feet 
with  a  trussed  slanting  ceiling,  the  highest  point  of  which  is 
^^  feet  with  a  wall  line  approximately  21  feet  high.  The 
lighting  is  by  two  large  central  art  glass  domes,  containing 
eight  lights  inside  the  dome  and  eight  lights  around  the  center 
of  the  outside  of  the  dome.  The  wattage  of  the  two  domes  is 
approximately  2,400.  In  addition  to  this  there  are  twenty  side 
wall  clusters  with  opal  globes,  containing  three  25-watt  lamps 
each.  The  wattage  of  the  side  wall  lights  is  approximately 
1,200. 

The  balconies  and  verandas  are  lighted  with  small  bracket 
lights  of  approximately  25  watts  per  lamp,  enclosed  in  opal 
globes  and  arranged  in  clusters  of  three  each.  A  few  scat- 
tered four-light  tungsten  fixtures  with  bare  lamps  exposed  are 
also  used. 

The  musicians'  balcony  is  lighted  with  several  wall  bracket 
clusters  of  three  lights  each,  enclosed  in  globes,  and  one  4-light 
^ungsten  cluster  with  clear  lamps  at  the  head  of  the  stairways. 

Before  the  lighting  features  of  the  Refectory  were  discussed, 
the  chairman  of  the  nominating  committee  presented  the  fol- 
lowing names : 

for  Chairman:  ^Ir.   F.  J.   Pearson,  of  Marshal  Field  &  Co. 

For    Secretary -.yiv.   W'm.  E.   Ke^ly,  of  the  Electrical  World. 

For  Managers:  ]\Ir.  J.  G.  Learned,  of  the  North  Shore 
Elecitric  Company;  Mr.  Chas.  A.  Luther,  of  the  Peoples  Gas 
Light  and  Coke  Company. 

On  motion  duly  made  and  seconded  a  ballot  was  cast  and  the 
officers  nominated  were  duly  elected  for  the  ensuing  year. 

The  chairman  then  introduced  the  architect  of  the  buildine 
an'l  a  general  discussion  of  the  lighting  features   followed. 
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ACTION   OF  THE  COUNCIL  ON   THE   PUBLICATION 

OF  PAPERS 


At  a  recent  meeting  of  the  Council  of  the  Society  the  follow- 
ing resolutions  were  adopted  to  define  the  Society's  attitude  as 
to  the  editing  and  publication  of  papers  presented  at  the  regular 
meetings : 

Resolved,  that  papers  read  before  the  Society  shall  be  released 
by  the  Committee  on  Editing  and  Publication  for  publication  by 
the  technical  press  after  presentation,  subject  to  the  following 
conditions : — ■ 

That  no  paper  is  to  be  presented  until  it  has  been  approved  by 
the  Papers  Committee. 

That  no  paper  is  to  be  approved  for  publication  until  printed 
proofs  have  been  subjected  to  the  usual  correction  by  the  author 
and  by  the  Committee  on  Editing  and  Publication. 

That  no  paper  of  the  Illuminating  Engineering  Society  is  to 
be  reprinted  for  commercial  advertising  purposes,  excepi  bv 
written  permission  of  the  Committee  on  Editing  and  Publication. 

That  a  periodical  to  be  considered  as  belonging  to  the  technical 
press  must  maintain  a  subscription  list  sufficient  to  permit  it 
to  obtain  second-class  postal  rates. 

Periodicals  belonging  to  the  technical  press  and  answering 
the  above  description  are  to  be  given  equal  opportunity  to  re- 
print papers  upon  making  written  request  to  the  Conimittee  on 
Editing  and  Publication,  and  upon  agreeing  to  state  that  the 
paper  was  presented  before  the  Society. 

That  the  committee  on  Editing  and  Publication  shall  be 
authorized  to  copyright  any  or  all  papers  presented  before  the 
Society,  and  that  authors  of  papers  shall  be  advised  that  the 
copyrighting  of  papers  presented  rests  with  the  Society,  and  that 
the  copyright  shall  belong  to  the  Society. 

The  following  list  of  requirements  in  regard  to  technical' 
papers  of  the  Society  were  approved  by  the  Council : 

Papers  must  be  submitted  four  weeks  prior  to  the  date  of  the 
meeting,  in  order  to  insure  their  presentation  and  to  permit  of 
the  printing  of  advance  copies.  * 

The  Papers  Committee,  at  its  discretion,  is  at  liberty  to  accept 
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papers  for  Section  meetings,  with  the  understanding  that  the 
papers  are  not  to  he  reproduced  in  the  Transactions.  Likewise 
the  Committee  may  accept  for  reproduction  in  the  Transactions, 
papers  which  are  presented  at  technical  meetings  by  title  only. 

Xo  matter  in  which  the  ad\ertising  feature  has  undue 
prominence  is  admissible. 

Papers  descriptive  of  lighting  installations,  when  such  in- 
stallations contain  no  new  features,  and  when  the  papers  contain 
no  new  and  valuable  data,  are  not  desirable  matter  for  the 
Transactions. 

Previous  general  publication  bars  matter  froom  the  Trans- 
actions, except  that  the  Papers  and  Editing  Committees  are  at 
liberty  to  depart  from  this  rule  when  matter  of  special  value 
is  presented. 

Cost  discussions  are  acceptable  only  when  the  discussion  is 
limited  to  a  single  type  of  illuminant  in  any  one  paper. 

The  title  of  a  paper  should  be  reasonably  indicative  of  the 
subject  of  the  paper. 

Trade  names  should  not  be  used  in  technical  papers. 

Discussions  should  be  governed  by  similar  rules,  as  far  as 
they  are  applicable. 

A  lecture  or  an  address  may  be  delivered  before  the  General 
Society  by  request  of  the  Papers  Committee,  or  before  a  Section 
by  request  of  the  Section  Board  of  Managers. 

Constitution,  Article  7.  Part  11. — The  Committee  on  P.'ipers 
shall  have  general  supervision  of  all  papers  to  be  presented  be- 
fore the  Society,  and  shall  have  the  duty  of  preparing  the 
programmes  of  general  meetings  of  the  Society  and  procuring 
papers  for  presentation  before  such  meetings.  No  paper,  dis- 
cussion, communication  or  report  shall  be  printed  in  the  Trans- 
actions of  the  Society  or  elsewhere  until  approved  by  the  Com- 
mittee. 

Part  12. — The  Committee  on  Editing  and  Publication  shall 
edit  all  discussions  of  papers  presented  before  the  Society  or  any 
section  thereof,  and  shall  decide  all  questions  of  detail  regarding 
the  publication  of  papers,  discussions  and  communications.  The 
Transactions  and  other  publications  of  the  Society  shall  be  in 
direct  charge  of  the  Committee. 
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Article  Cf,  Part  lo. — Papers  shall  be  approved  by  the  section 
Board  of  Managers  prior  to  presentation  before  a  section, 
^lanuscript  of  papers  approved  should  be  forwarded  to  the 
Committee  on  Papers  sufficiently  in  advance  of  date  of  pres- 
entation to  enable  advance  copies,  if  a  paper  be  approved  by  the 
Committee  for  general  presentation,  to  be  printed  and  sent  to 
all  sections  for  distribution  prior  to  presentation  before  the 
sections. 

By-Laws,  Article  /,  Part  2. — The  Committee  on  Papers  may 
direct  the  Committee  on  Editing  and  Publication  to  make  such 
revision  as  may  be  considered  necessary  or  desirable,  of 
papers  and  communications  offered  for  publication ;  in  case  of 
such  revision  the  manuscript  shall  be  returned  to  the  author  tO' 
obtain  his  consent  thereto,  and  should  such  consent  be  refused, 
the  paper  or  communication  shall  not  be  accepted  for  i>res- 
entation  before  the  Society. 

The  acceptance  of  a  paper  or  communication  for  presentation 
before  the  Society  or  any  other  section  thereof  shall  not  be  con- 
sidered a  guarantee  of  its  publication  in  the  Transactions. 

Part  12. — The  Committee  on  Editing  and  Publication  may, 
at  its  discretion,  abridge  discussions  for  printing.  The  Com- 
mittee shall  cancel  remarks  that  do  not  bear  directly  on  the 
subject  under  discussion,  or  deal  in  personalities  or  have  mani- 
festly a  purely  commercial  object. 

All  papers,  discussions  and  other  matter  intended  for  pub- 
lication in  the  Transactions  shall,  so  far  as  possible,  be  revised 
and  edited  in  manuscript  and  not  in  proof. 
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A  paper  p)esented  at  a  yneeting  of  the 
New  York  Section  of  the  Illiiminatiug  Engi- 
neer ing  Society,  Sew  York^Juyie  9,  igio. 

INCANDESCENT  LAMPS  AS  STANDARDS  OF 
LUMINOUS  INTENSITY. 


BY    CLAYTON    H.    SHARP    AND    PRESTON    S.    MILLAR. 


In  commercial  photometry  it  is  essential  that  the  standard  of 
luminous  intensity  be  thoroughly  reliable  and  accurate.  Even 
where  the  observations  on  the  lamps  under  test  are  of  such 
a  character  that  they  are  liable  individually  to  considerable 
errors  of  observation,  the  average  result  on  a  group  of  a  large 
number  may  be  expected  to  be  correct  provided  the  standard  of 
reference  is  correct. 

The  former  practice  in  photometry  of  referring  directly  all 
measurements  to  a  primary  standard  of  light  such  as  standard 
candles,  the  pentane  standard  or  the  Hefner  standard  has  in 
recent  years  been  superseded  by  the  better  practice  of  using 
secondary  standards  of  reference  in  the  form  of  incandescent 
electric  lamps.  Many  years  of  experience  on  the  part  of  the 
Electrical  Testing  Laboratories  and  of  prominent  makers  of 
incandescent  lamps  have  demonstrated  that  when  properly  sea- 
soned and  aged,  when  accurately  standardized  by  comparison 
with  authentic  standards,  and  when  correctly  used,  standardized 
incandescent  lamps  constitute  the  best  reference  standards  for 
all  sorts  of  photometrical  work.  They  are  very  convenient  to 
use,  are  portable,  and  highly  accurate  during  a  limited  period 
of  burning. 

The  reliability  and  accuracy  of  standards  of  this  character 
have  been  recognized  by  the  Bureau  of  Standards  at  Washing- 
ton, in  that  the  Bureau  has  adopted  a  set  of  incandescent  lamp? 
as  its  own  reference  standards.  A  similar  recognition  has 
been  accorded  by  the  National  Laboratories  of  other  lands. 

Standardized  incandescent  lamps  having  thus  become  the  most 
important  photometric  standards,  the  proper  methods  of  pre- 
paration and  of  use  of  such  lamps  is  a  matter  of  fundamental 
interest  in  the  science.  In  view  of  the  long  experience,  extend- 
ing over  thirteen  years  or  more,  in  the  preparation  and  use 
of  standardized   incandescent  lamps   which   the   Electrical   Test- 
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ing  Laboratories  has  enjoyed,  and  considering  further  the  wide- 
spread employment  of  lamps  standardized  by  the  Laboratories, 
and  of  the  very  great  importance  in  the  industry  of  the  lamp 
tests  which  the  Laboratories  make,  it  has  seemed  desirable  to 
place  in  the  records  of  the  Illuminating  Engineering  Society  an 
account  of  the  methods  which  the  Laboratories  employ  in  the 
selection,  preparation  and  use  of  standard  lamps.  This  is  par- 
ticularly true  since  any  connected  account  covering  the  proper 
methods  to  be  used  in  work  of  this  character  is  lacking. 

SELECTION    OF   LAMPS 

No  lamp  is  accepted  for  standardization  without  having  passed 
a  rigid  inspection  whereby  all  lamps  which  are  in  any  way  im- 
perfect are  eliminated.  It  is  particularly  important  that  in  each 
lamp  the  vacuum  shall  be  high  and  the  filament  free  from  visible 
imperfections.  Moreover,  its  mechanical  construction  must  be 
good,  that  is,  the  base  must  be  properly  fitted,  the  filament  must 
be  mounted  in  the  vertical  axis  of  the  lamp  and  must  be  sym- 
metrical. The  base  must  conform  strictly  to  standard  dimensions 
in  order  that  good  contact  in  sockets  and  receptacles  will  be 
secured. 

SEASONING. 

The  life  history  of  carbon  lamps  burned  at  constant  volt- 
age shows  that  for  a  short  period  of  time  at  the  outset  their 
candle-power  increases.  Following  this  increase  is  a  certain 
limited  period  during  which  the  candle-power  is  practically  con- 
stant, after  which  it  begins  to  decrease.  This  relatively  short 
period  of  constant  candle-power  represents  the  useful  life  of  a 
standard  incandescent  lamp  at  given  voltage. 

The  seasoning  of  a  lamp  consists  in  burning  it  during  its 
period  of  initial  rise  in  candle-power ;  that  is,  until  the  candle- 
power  of  the  lamp  has  reached  its  short  constant  period.  The 
method  which  has  been  followed  in  the  past  in  seasoning  lamps 
has  been  to  measure  the  candle-power  of  the  lamp  at  short  in- 
tervals during  its  initial  period.  When  the  candle-power  has 
shown  a  constant  value  it  has  been  considered  that  the  lamp  was 
seasoned.  This  method,  when  carefully  followed,  yielded  good 
results.     It  is  open   to  the  objection  that  the   preliminary  pho- 
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tometric  measurements  during  the  seasoning  process  must  be 
made  with  considerable  care,  and  consequently  add  to  the  cost 
of  standardizing  the  lamp.  Another  method  is  now  being 
adopted  which  promises  better  results  and  which  is  founded  on 
the  following  considerations  : — 

In  any  given  lamp,  when  the  vacuum,  the  character  of  the 
surface  of  the  filament  and  the  transparency  of  the  bulb  are  un- 
altered, the  candle-power  depends  directly  upon  the  watts  ex- 
pended in  it.  During  the  early  life  of  the  lamp,  the  watts  ex- 
pended in  the  lamp  at  constant  volts  changes  on  account  of  a 
decrease  in  the  resistance  of  the  filament.  When  the  filament  has 
become  stable,  that  is,  when  its  resistance  no  longer  decreases, 
the  candle-power  at  constant  volts  no  longer  decreases.  Now, 
the  measurement  of  electrical  resistance  is  the  most  precise,  as 
well  as  the  most  convenient  measurement  which  can  be  made. 
The  method  therefore  has  been  adopted  to  measure  the  change 
in  resistance  of  the  filament  at  full  voltage  rather  than  the  change 
in  candle-power.  The  total  change  in  resistance  of  a  l?mp  in 
the  period  between  its  initial  and  peak  candle-power  is,  roughly 
speaking,  0.5  per  cent.  To  obtain  a  satisfactory  determination  of 
the  exact  point  at  which  the  seasoning  process  should  be  in- 
terrupted, the  change  in  electrical  resistance  should  be  measured 
to  something  like  one  or  two  per  cent.  It  is  necessary,  there- 
fore, that  the  electrical  resistance  should  be  measured  accurately 
to  one  part  in  lopoo  to  20,000.  There  are  two  available  meth- 
ods for  measuring  this  resistance  change.  One  is  to  measure  the 
voltage  and  current.  When  the  current  ceases  to  change  at 
constant  voltage,  the  seasoning  is  ended.  It  is,  however,  a  mat- 
ter of  some  difficulty  to  measure  the  current  through  a  lamp  to 
one  part  in  10,000.  To  do  it  requires  that  a  very  steady  source 
of  electromotive  force  should  be  available  and  that  two 
precision  potentiometer  should  be  used  in  the  work.  The  other 
method,  which  is  the  one  that  has  recently  been  developed  at  the 
Laboratories,  is  to  use  the  Wheatstone  bridge  method,  a  method 
which  is  easily  capable  of  yielding  results  to  the  required  pre- 
cision, and  which  does  not  require  an  absolutely  steady  applied 
voltage.  In  using  this  method  the  lamp  is  connected  in  series 
with  a  manganin  resistance  having  about  the  same  value  as  the 
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hot  resistance  of  the  lamp.  Around  the  two  is  looped  a  varia- 
ble resistance  with  a  total  of  approximately  10,000  ohms.  A 
suitable  pivoted  galvanometer  gives  ample  sensibility.  The  cur- 
rent through  this  bridge  is  adjusted  to  the  value  which  will 
bring  the  lamp  to  its  full  incandescence.  This  adjustment  is 
easily  made  with  the  requisite  precision.  Since  a  treated  carbon 
filament  at  its  temperature  of  full  incandescence  has  quite  a  small 
temperature  coefficient,  a  deviation  from  the  correct  value  of  cur- 
rent affects  the  result  only  to  a  minor  degree.  Using  this  appar- 
atus, the  change  ii.  the  resistance  of  the  lamp  during  the  season- 
ing process  is  determined  and  is  shown  on  cross  section  paper 
When  the  curve  of  resistance  has  become  parallel  to  the  axis  of 
time,  the  seasoning  is  completed.  This  point  is  determined  with 
great  nicety,  hence  a  shortening  of  the  useful  life  of  the  lamp 
due  to  over-seasoning  is  not  to  be  feared. 

It  may  be  noted  in  this  connection  that  if  lamps  are  standard- 
ized at  given  watts  instead  of  given  volts,  their  useful  life  is 
greatly  extended.  However,  the  greater  inconvenience  of  bring- 
ing a  lamp  to  given  watts  rather  than  given  volts  is  such  that 
it  is  usually  preferred  to  use  the  standardization  by  volts.  When 
in  a  standard  lamp,  the  ratio  of  the  voltage  to  the  current  has 
changed,  it  may  be  confidently  asserted  that  the  candle-power 
of  the  lamp  at  constant  volts  also  has  changed,  and  that  either  the 
lamp  must  be  restandardized  or  the  standard  voltage  altered  until 
the  lamp  once  more  burns  at  the  original  watts. 

THE   PHOTOMETRIC   UNIT. 

The  photometric  standards  of  the  Electrical  Testing  Labora- 
tories have  an  interesting  history.  On  the  organization  of  this 
Company,  its  photometric  standards  were  obtained  by  copying 
a  set  of  master  standards  in  the  possession  of  one  of  the  large 
companies  manufacturing  incandescent  lamps.  The  lamps  so 
copied  had  been  standardized  about  1890  at  the  Physikalisch- 
Technische  Reichsanstalt  in  Berlin.  By  frequent  careful  recopy- 
ing  and  intercomparing,  the  value  of  the  line  of  standards  so 
established  has  been  kept  constant  until  the  present  time.  This 
constancy  was  first  verified  in  1902  by  means  of  lamps  standard- 
ized in  the  Laboratories  and  sent  to  the  Reichsanstalt  for  veri- 
fication.    Similar  verifications  have  been   made  subsequently  to 
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that  time.  Indirect  comparisons  of  this  kind  have  been  made 
through  the  Bureau  of  Standards  and  no  decided  variations  from 
constancy  have  been  shown.  In  1903,  six  of  our  standard  lamps 
were  taken  to  the  National  Physical  Laboratory  in  England,  to 
the  Laboratoire  Central  d'filectricite  in  France,  and  to  the  Reichs- 
anstalt  in  Germany  and  compared  with  the  standards  in  use 
there. ^ 

The  results  of  this  comparison  are  summarized  in  the  accom- 
panying table. 

It  will  be  seen  that  the  lamps  were  in  good  agreement  with  the 
Reichsanstalt  standards  assuming  the  ratio  of  the  value  of 
the  Hefner  unit  to  the  candle  which  had  been  taken  at  the 
time  that  the  progenitors  of  the  line  were  originally  standardized 
in  1890  (namely,  i  hefner  --=  0.88  c-p.).  Moreover  the  value  of 
the  Bougie  decimale  as  used  in  France  was  substantially  equivalent 
to  the  candle  as  used  in  America.  In  regard  to  the  English  stand- 
ards it  should  be  noted  that  at  the  time  the  above  comparison 
was  made  the  photometric  department  of  the  National  Physical 
Laboratory  was  in  process  of  organization  and  had  not  as  yet 
settled  upon  the  standards  which  it  was  to  use.  In  lieu  of  better 
standards,  Fleming  large  bulb  standard  lamps  which  had  been 
standardized  under  Dr.  Fleming's  directions  were  employed,  so 
that  the  comparison  given  is  really  a  comparison  of  the  standards 
of  the  Electrical  Testing  Laboratories  with  the  Fleming  standard, 
and  not  with  the  official  standards  of  the  National  Physical 
Laboratory.  As  admitted  later  by  Dr.  Fleming  these  standards 
were  considerably  in  error  because  in  standardizing  them  he  had 
neglected  to  take  account  of  the  marked  changes  in  the  luminous 
intensity  of  the  pentane  lamp  with  change  in  humidity  content 
of  the  atmosphere. 

Not  long  after  this  the  National  Physical  Laboratory  derived 
its  own  set  of  authentic  standards  by  comparison  with  the  pen- 
tane lamp,  taking  account  of  the  variable  elements.  The  value 
of  the  unit  so  derived  was  determined  by  measurements  made 
by  them  on  standard  lamps  of  the  Electrical  Testing  Laborator- 
ies, sent  to  them  for  that  purpose.  These  measurements  showed 
that  a  lamp  measuring   i6-c-p.   at   the   Electrical  Testing  Lab- 

^  The  Kquipnient  of  a  Commercial  Testing  Laboratory,  by  Clayton  H.  Sharp,  Trans- 
actions International  Electrical  Congress,  St.  Louis,  1904,  Vol.  I,  page  500. 
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oratories,  measured  i6.ii-c-p.  at  the  National  Pliysical  Labora- 
tory. 

The  Bureau  of  Standards  at  Washington,  on  its  inception, 
adopted  the  practice  of  maintaining  its  photometric  unit  by  means 
of  incandescent  lamps,  just  as  the  Electrical  Testing  Laborator- 
ies had  been  doing,  and  it  also  adopted  the  same  value  of  the 
unit  of  light.  Subsequently  it  was  found  that  the  unit  which  the 
Bureau  of  Standards  had  adopted  and  which  was  the  unit  in  gen- 
eral use  in  the  electrical  industry  in  this  country  was  not  in  agree- 
ment with  the  most  authentic  standards  employed  in  the  gas  indus- 
try. The  most  reliable  value  of  the  candle-power  in  use  in  the  gas 
industry  was  that  given  by  the  Harcourt  lo-c-p.  pentane  lamp. 
It  was  found  that  the  candle-power  as  derived  from  the  pentane 
lamp  was  about  two  per  cent,  smaller  than  that  adopted  by  the 
Bureau  of  Standards.  This  matter  was  taken  under  considera- 
tion by  a  joint  committee  representing  the  Illuminating  Engineer- 
ing Society,  the  American  Institute  of  Electrical  Engineers  and 
the  American  Gas  Institute.  As  a  result  of  the  recommendations 
of  this  committee,  action  was  taken  by  the  responsible  boards  of 
these  three  engineering  societies  in  passing  a  resolution  in  which 
the  Bureau  of  Standards  was  urged  to  change  its  unit  by  an 
amount  not  to  exceed  two  per  cent,  so  as  to  bring  the  value  of 
the  candle  as  used  by  the  gas  and  electric  industries  in  this  coun- 
try, to  a  common  basis. 

In  the  meantime,  the  Bureau  of  Standards  had  been  making  in- 
tercomparisons  with  the  other  National  Laboratories,  using  in- 
candescent lamps  in  the  way  which  the  Electrical  Testing  Lab- 
oratories had  already  done  and  had  discovered  that  a  change  in 
the  value  of  the  candle  unit  such  as  was  required  to  bring  the 
gas  and  electric  industries  in  this  country  into  uniformity,  would 
serve  also  to  place  the  National  Laboratories  of  England,  France 
and  America  on  the  same  basis.  An  agreement  with  the  au- 
thorities in  the  other  National  Laboratories  was  made  by  the 
Bureau  of  Standards,  whereby  the  Bureau  agreed  to  lower  its 
standard  by  1.6  per  cent,  in  order  to  secure  the  desired  uniformity 
and  at  the  same  time  the  foreign  laboratories  agreed  to  abide 
strictly  by  the  value  thus  determined.  Thus  was  not  only  na- 
tional but  also  international  uniformitv  secured. 
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Following  as  soon  as  practicable  this  national  authority,  the 
F.lectrical  Testing  Laboratories  on  the  1st  of  May,  19 10,  changed 
its  unit  by  a  corresponding  amount,  and  has  issued  from  that 
date  all  standartl  lamps  in  terms  of  the  new  unit.  This  is  1.6 
per  Cent,  smaller  than  the  unit  which  the  Company  has  been  using 
during  the  previous  years  of  its  existence. 

STANDARDIZATION. 

In  standardizing  seasoned  lamps,  the  standard  value  is  as- 
signed as  determined  from  a  series  of  separate  and  distinct  com- 
parisons with  the  laboratory  standards.  These  comparisons  are 
made  at  different  times,  by  different  photometrists  and  usually 
upon  different  photometers.  The  number  of  determinations  made 
is  proportional  to  the  degree  of  accuracy  with  which  it  is  desired 
to  standardize  the  lamps. 

For  this  work  standard  photometers  in  a  special  room  are  used. 
These  photometers  are  equipped  in  accordance  with  the  most  ex- 
acting requirements  of  modern  practice.  The  photometer  heads 
are  of  the  most  sensitive  type,  the  graduations  of  the  bars  are 
very  carefully  checked,  the  utmost  care  is  used  in  screening  stray 
light  from  the  photometer  discs,  and  finally  the  electrical  meas- 
urements are  made  directly  against  a  standard  cell  and  standard 
resistances  by  the  use  of  potentiometers.  The  lamp  sockets  in 
which  the  lamps  to  be  standardized  are  placed,  are  so  constructed 
that  the  voltage  ineasured  is  the  voltage  on  the  shell  of  the  lamp 
itself,  so  that  no  voltage  drop  in  connecting  wires,  contacts,  etc., 
is  measured  in  with  the  voltage  of  the  lamp.  The  mean  hori- 
zontal candle-power  of  lamps  is  determined  usually  by  measur- 
ing them  when  rotating  at  approximately  180  revolutions  per 
minute.  vStationary  standards  (See  Fig.  i)  have  vertical  lines 
etched  on  opposite  sides  of  their  bulbs,  and  such  lamps  are  prop- 
erly oriented  by  sighting  across  these  two  lines  at  the  photometer 
disc,  or  at  the  comparison  lamp  at  the  far  end  of  the  photometer 
bar. 

Standards  of  mean  spherical  candle-power  are  standardized 
by  taking  a  series  of  measurements  of  the  rotating  lamp  at  various 
angles  above  and  below  the  horizontal  plane  of  the  lamp.  From 
these  measurements,  mean  spherical  candle-power  is  computed. 
These  lamps  are  also  subjected  to  a  series  of  measurements  in 
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an  integrating  sphere  in  which  they  are  compared  indirectly  with 
the  mean  spherical  standards  of  the  Laboratories. 

In  the  certificates  which  are  issued  with  standard  lamps,  the 
voltage,  current  at  that  voltage  and  candle-power  are  given.  In 
practice,  it  is  necessary  to  make  sure  that  the  lamp  when  at  its 
proper  voltage,  is  consuming  exactly  the  given  amount  of  cur- 
rent or  that  it  is  consuming  the  proper  watts ;  otherwise  its  con- 
dition is  not  standard. 

TYPES    OE    LAMPS. 

In  most  commercial  photometric  work  carbon  filament  lamps 
of  the  ordinary  oval  anchored  type,  standardized  rotating,  form 
acceptable  standards.     For  work  of  higher  precision  and  for  sta- 


Fis:.  I. 


tionary  standards  in  general,  the  Electrical  Testing  Laborator- 
ies have  developed  a  special  type  of  lamp  which  has  proven  sat- 
isfactory. (See  Fig.  i ).  This  consists  of  two  hairpin  loops,  one 
within  the  other,  and  lying  in  the  same  plane.  The  idea  of  this 
form  of  construction  is  to  render  it  possible  to  determine  the  dis- 
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tance  between  the  photometric  center  of  the  lamp  and  the  pho- 
tometer screen  with  the  highest  degree  of  precision.  In  the  oval 
anchored  type  the  different  parts  of  the  filament  He  at  different 
distances  from  the  photometer  screen ;  hence  this  distance  cannot 
be  determined  with  high  accuracy.  The  filaments  of  the  parallel 
filament  type  of  lamp,  which  is  illustrated  in  Fig.  i,  lying  as 
they  do  in  the  same  plane  at  right  angles  to  the  axis  of  the  pho- 
tometer bar,  enable  the  operator  to  get  this  distance  very  exactly. 
Moreover  in  this  style  of  lamp  the  variation  of  the  candle-pow'er 
involved  in  a  false  adjustment  of  the  lamp  whereby  it  is  not 
placed  with  its  filaments  exactly  at  right  angles  to  the  bar  is 
very  small,  and  the  consequences  of  a  mistake  of  this  kind  are 
minimized. 

Ordinarily  in  the  interests  of  long  life,  carbon  filament  lamps 
are  standardized  operating  at  about  4  watts  per  candle.  This 
involves  the  disadvantage  that  the  light  of  the  lamp  is  somewhat 
redder  in  hue  than  that  of  most  of  the  lamps  which  are  to  be 
compared  with  it,  though  this  disadvantage  is  not  a  very  serious 
one  until  metal  filament  lamps  are  reached.  The  comparison  of 
a  tungsten  lamp  at  1.25  watts  per  candle  with  a  carbon  lamp  at 
4  watts  per  candle  involves  very  great  uncertainties  on  account 
of  color  difference.  On  this  account  the  Laboratories  have  as  a 
result  of  many  measurements  by  many  observers  and  by  inter- 
comparison  with  other  laboratories,'  established  a  set  of  tung- 
sten standards,  the  candle-power  of  wdiich  is  known  in  terms  of 
the  carbon  standards.  The  color  dift'erence  difficulty  having  been 
met  once  for  all,  is  eliminated  in  future  work  with  tungsten  lamps 
by  the  use  of  tungsten  standards. 

A  great  deal  of  attention  has  been  given  recently  to  the  ques- 
tion of  standardizing  tungsten  lamps,  since  this  type  of  lamp  being 
very  little  subject  to  change  in  candle-power,  would  seem  to  make 
an  ideal  standard,  not  only  for  the  measurement  of  tungsten  lamps, 
but  also  for  carbon  lamps  as  well.  In  the  latter  case  the  tungsten 
standards  would  be  standardized  at  a  sufficiently  reduced  voltag'e 
to  bring  their  color  to  the  right  quality.  It  has  been  found  that 
the  ordinary  commercial  type  of  tungsten  lamp  does  not  admit 
of  very  accurate  standardization.     The  difficulty  seems  to  be  that 

I  The  Problem  of  lleterochroinatic  I'hotometry,  by  Preston  S.  Millar,  Trauyactions, 
Vol.  IV,  page  769. 
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a  variable  cooling  is  introduced  by  the  contacts  between  the  fila- 
ment and  the  anchoring  wires.  To  meet  this  difficulty  the  Lab- 
oratories have  developed  a  type  of  parallel  filament  tungsten 
lamp  in  which  the  anchor  wires  are  dispensed  with  and  all  varia- 
ble contacts  are  removed.  This  type  of  lamp,  which  is  illus- 
trated in  Fig.  2,  is  available  only  in  low  voltages,  but  from  all 


I'io;.  2. 


indications  furnishes  a  reliable  standard.  Another  type  of  tungs- 
ten lamp  standard  has  been  developed,  in  which  the  filaments 
are  in  the  form  of  straight  pieces  welded  to  wires  both  at  top 
and  bottom.  This  plan  also  obviates  the  variable  contacts  and 
enables  the  construction  of  lamps  of  the  100  to  130  volt  range. 
The  Electrical  Testing  Laboratories  has  had  made  to  its  speci- 
fications miniature  tungsten  lamps  in  large  bulbs  for  operating 
on  battery  current.  These  lamps  when  seasoned  and  standard- 
ized find  some  important  applications  in  photometry,  particularly 
in  connection  with  portable  photometers. 

STANDARD    AMPLRE    LAMPS. 

Incandescent  lamps,  when  properly  seasoned  and  standardized 
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make  very  acceptable  standard  resistances  for  current  meas- 
urements by  the  fall  of  potential  method.  For  a  limited  period 
their  resistances  remain  constant  and  they  form  very  accurate 
standards  of  amperes. 

In  the  use  of  lamps  in  this  matter  it  is  essential  that  the  voltage 
shall  be  accurately  determined.  This  is  a  simple  matter  in  a 
well  equipped  laboratory  having  laboratory  standard  instruments. 

The  indications  of  every  voltmeter  which  is  designed  in  any 
sense  for  use  as  a  standard  or  from  which  it  is  desired  to  obtain 
accurate  results,  should  be  verified  periodically  and  a  correction 
curve  showing  the  error  of  the  instrument  at  various  points 
throughout  its  scale  should  be  provided.  By  the  use  of  such  a 
correction  curve  most  errors  usually  encountered  in  the  use  of 
voltmeters  can  be  avoided. 

In  determining  the  current  consumption  of  incandescent  lamps 
the  use  of  standard  ampere  lamps  is  recommended,  as  this  prac- 
tice possesses  the  advantages  of  the  substitution  method  in  pho- 
tometry and  affords  a  correction  for  errors  in  the  electrical 
instruments   used. 

ACCURACY    OF    STANDARDIZATION. 

In  view  of  the  fact  that  much  photometric  work  is  done  in 
which  is  not  essential  that  the  standards  employed  should  be 
of  the  highest  precision,  the  Electrical  Testing  Laboratories  issues 
standards  of  two  grades.  In  the  precision  standards  the  accuracy 
of  the  electrical  measurements  is  certified  to  one-tenth  of  one 
per  cent.,  corresponding  to  a  photometric  accuracy  in  the  case  of 
carbon  filament  lamps  of  about  six-tenths  of  one  per  cent.  Stand- 
ardization to  this  degree  of  refinement  requires  a  long  series  of 
careful  measurements  extending  over  considerable  time.  In  the 
commercial  standards  the  certification  is  to  one-fourth  of  one  per 
cent,  corresponding  to  a  photometric  accuracy  of  about  1.5  per 
cent.  This  degree  of  accuracy  being  greater  than  is  obtained  in 
much  commercial  photometric  work,  is  sufficient  in  many  cases. 

METHODS   OF    USE. 

In  all,  or  nearly  all,  photometric  measurements,  the  ''Substitu- 
tion method"  should  be  employed.  This  method  is  in  every  way 
superior  to  direct  comparison  which  is  the  traditional  method 
in  photometry. 
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In  operating-  by  the  substitution  method  the  lamp  at  one  end 
of  the  bar  is  simply  a  constant  source  of  I'ght ;  for  example,  an 
incandescent  lamp  of  convenient  intensity  held  at  constant  voltage. 
At  the  other  end  of  the  bar  is  placed  first  the  standard  lamp 
which,  when  brought  to  its  standard  voltage  and  current,  is  com- 
pared with  the  constant  comparison  lamp  at  the  other  end  of  the 
bar.  If  the  bar  has  a  direct  reading  scale,  the  comparison  lamp 
may  be  adjusted  until  the  reading  on  the  bar  equals  the  candle- 
power  of  the  standard  lamp ;  then  the  bar  indicates  the  candle- 
power  of  all  lamps  subsequently  tested  on  it.  Having  thus 
standardized  the  apparatus  by  the  use  of  one,  or  preferably 
several  standard  lamps,  the  lamps  which  are  to  be  measured  are 
substituted  for  the  standard  lamp;  that  is  they  are  placed  in  the 
same  socket  and  their  voltage  is  measured  by  the  same  instru- 
ment. Operating  in  this  way,  the  standard  lamps  themselves  are 
used  only  for  a  very  brief  period  of  time,  and  many  sources  of 
error,  both  photometrical  and  electrical,  are  partially  or  wholly 
eliminated.  The  personal  equation,  reflections  of  light  from  the 
photometer  table,  walls  and  ceiling,  lack  of  symmetry  in  the  pho- 
tometer, slight  inaccuracies  in  the  electrical  instruments,  as  well 
as  most  other  sources  of  error,  apply  to  the  standard  lamp  meas- 
urements in  a  similar  manner  and  to  a  similar  degree  as  to  the 
measurements  of  the  lamps  which  are  under  test,  and  are  there- 
fore to  a  large  degree  automatically  compensated.  If  at  any 
point  the  photometric  apparatus  involves  the  use  of  mirrors,  the 
substitution  method  also  takes  account  of  their  absorption. 

To  obtain  the  best  results  in  the  photometry  of  incandescent 
lamps,  the  usual  precautions  in  photometric  work  must  be  taken, 
and  in  addition  the  following  instructions  should  be  carefully 
observed. 

The  standard  lamps  employed  should  be  of  the  same  general 
type  and  approximately  the  same  voltage  and  current  as  those 
which  are  to  be  photometered.  The  most  important  point  to  be 
observed  is  that  their  filaments  are  of  the  same  character  and 
material  as  the  filaments  of  the  lamps  which  are  to  be  measured. 
Where  standard  lamps  are  to  be  used  for  purposes  of  investiga- 
tion or  for  comparison  with  sources  of  light  other  than  incandes- 
cent electric  lamps,  other  considerations  may  influence  the  selec- 
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tion  of  the  standards.  In  any  case  at  least  three,  and  preferably 
more,  standard  lamps  should  be  included  in  the  series.  This 
enables  inter-comparisons  to  be  made,  guards  against  error  and 
against  interruption  of  work  due  to  the  failure  of  a  standard 
lamp. 

Care  should  be  taken  that  good  contact  is  secured  between  the 
lamp  base  and  its  receptacle,  and  that  the  parts  which  are  relied 
upon  to  make  electrical  contact  should  be  electrically  clean. 

It  is  also  important  that  the  voltmeter  leads  should  be  con- 
nected as  near  as  possible  to  the  lamp  terminals,  since  any  fall 
in  potential  between  the  point  of  connection  and  the  lamp  shell 
is  measured  in  with  the  voltage  of  the  lamp. 

If  the  standard  lamp  is  to  be  used  in  a  fixed  position  it  should 
be  so  placed  that  the  axis  of  the  lamp  filament  is  vertical  and  the 
fiducial  lines  etched  on  opposite  sides  of  the  bulb  are  accurately 
in  line  with  the  center  of  the  photometer  disc.  If  the  lamp  is  to 
be  rotated  it  should  likewise  be  mounted  so  that  the  axis  of  the 
filament  is  perpendicular  to  the  bar  and  remains  so  while  ro- 
tated. 

It  is  very  desirable  that  the  source  of  current  for  the  pho- 
tometry of  incandescent  lamps  should  be  a  storage  battery, 
though  by  proper  arrangement  of  circuits  it  is  possible  in  work 
of  ordinary  commercial  character,  to  use  a  supply  from  a  dynamo. 

The  standard  lamps  used  should  be  rated  for  a  somewhat 
low^er  voltage  than  the  voltage  of  the  supply,  so  that  a  finely 
divided  rheostat  can  be  included  in  the  circuit  for  the  purpose  of 
adjusting  accurately  the  voltage  on  the  lamps.  Before  clos- 
ing the  standard  lamp  circuit,  care  should  be  taken  to  introduce 
enough  resistance  to  avoid  possibility  of  burning  the  lamp  at  a 
higher  voltage  than  that  at  which  it  is  rated.  Failure  to  observe 
this  precaution  may  result  in  shortening  the  useful  life  of  the 
lamp  as  a  standard  of  light.  If  subjected,  even  for  an  instant, 
to  an  abnormally  high  pressure,  its  usefulness  will,  in  general 
be  destroyed. 

The  circuit  once  closed,  the  voltage  upon  the  lamp  should 
be  increased  until  its  standardization  voltage  is  reached,  when 
the  current  flowing  through  the  lamp  is  measured.  Knowing 
the  resistance  of  the  voltmeter  and  the  voltage  across  it,  the  value 
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of  the  current  taken  by  the  voltmeter  may  be  computed,  and  this 
voltmeter  current  when  it  is  inchided  in  the  current  measured 
by  the  ammeter,  must  be  subtracted  from  the  indication  of  the 
ammeter.  If  the  lamp  current  is  then  found  to  be  greater  or 
smaller  than  that  specified  in  the  certificate,  the  indication  is 
either  that  an  error  exists  in  the  voltmeter  or  ammeter  used,  or 
that  the  standard  lamp  has  changed.  Reference  to  the  other 
standard  lamps  in  the  series  will  then  indicate  whether  the  error 
lies  in  the  first  standard  lamp  or  in  the  electrical  instruments.  If 
the  standard  lamps  are  found  to  be  in  good  agreement  among 
themselves  and  the  discrepancy  still  exists,  it  is  fair  to  assume 
that  one  or  both  of  the  electrical  instruments  are  incorrect.  If 
the  work  is  being  carried  on  by  the  substitution  method,  the 
lamps  to  be  measured  being  of  the  same  type  as  the  standard 
lamps,  it  is  permissible,  in  lack  of  better  information,  to  assume 
that  the  voltmeter  is  correct  and  that  the  error  lies  in  the  indica- 
tions of  the  ammeter,  and  to  apply  to  the  ammeter  a  sufficient 
correction  to  make  its  indications  conform  to  the  data  in  the 
standard  lamp  certificate.  This  assumption  will  lead  xo  fairly 
good  results  even  though  the  voltmeter  is  actually  somewhat  in 
error,  provided,  as  is  usually  the  case,  the  percentage  error  of 
the  voltmeter  is  constant  throughout  the  range  covered  by  the 
lamps  which  are  being  measured,  since  a  given  percentage  error 
in  voltage  will  afifect  the  standard  lamps  and  the  test  lamps  alike. 
P'or  precision  work  in  photometry  it  is  necessary  that  the  elec- 
trical measurements  shall  be  made  with  a  high  degree  of  accur- 
acy. Where  electrical  instruments  of  precision,  such  as  the  po- 
tentiometer with  its  adjuncts,  are  not  available,  correction  curves 
showing  the  errors  of  the  ammeter  and  voltmeter  used,  as  deter- 
mined by  comparison  with  primary  standard  instruments,  form 
fairly  acceptable  substitutes.  When  the  corrections  to  the  electri- 
cal instruments  have  been  applied,  the  indications  of  these  instru- 
ments should  be  found  to  agree  with  the  certified  standard  lamp 
values. 

If  upon  intercomparison,  one  or  more  standard  lamps  are  found 
to  differ  from  the  other  lamps  in  the  group,  they  should  be  re- 
placed at  once  by  newly  standardized  lamps.  If  it  is  found  that 
the  current  flowing  through  the  lamp  when  it  is  brought  to  its 
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Standard  voltage,  differs  from  that  given  in  the  certificate,  it  fol- 
lows in  general  that  its  candle-power  has  changed ;  conversely, 
if  a  lamp  consumes  the  stated  current  when  operated  at  the  stated 
voltage,  it  is  fairly  safe  to  assume  that  its  candle-power  has  re- 
mained   unaltered. 


It  is  hoped  that  the  facts  given  above  will  lead  to  a  more  gen- 
eral understanding  of  the  possibilities  of  incandescent  lamps  as 
standards  of  candle-power  and  of  a  greater  appreciation  of  the 
precautions  which  are  to  be  taken  in  their  use,  both  in  commer- 
cial photometry  and  in  photometry  of  precision. 
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PHOTOMETRIC   UNITS  AXD   NOMENCLATURE. 


BY    EDWARD    B.    ROSA. 


The  subject  of  photometric  units  and  nomenclature  has  at- 
tracted some  attention  recently  in  the  technical  press,  and  a  wish 
has  been  expressed  by  more  than  one  writer  that  there  might 
come  into  use  a  more  systematic  and  uniformly  accepted  nomen- 
clature. Hering,  who  has  given  the  subject  a  good  deal  of  at- 
tention and  has  published  some  valuable  articles  on  it,  remarks 
that  many  writers  are  vague  in  their  expressions,  using  such 
terms  as  intensity,  quantity,  brightness,  illumination,  flux,  etc.,  in 
quite  different  senses.     He  says : 

Moreover,  the  application  of  these  useful  laws  (of  light  distribution) 
would  be  much  better  understood  if  we  had  a  clearer  physical  concep  • 
tion  of  what  these  various  quantities  really  mean,  instead  of  merely 
calling  them  by  indefinite  names. 

The  following  discussion  is  an  attempt  to  bring  out  the  physical 
meaning  of  the  various  quantities  referred  to,  and  to  show  that 
some  of  the  names  of  units  that  have  been  objected  to  are  really 
useful  and  contribute  to  clear  thinking.  Many  of  the  theorems 
derived  are  not  new,  but  they  are  nevertheless  useful  in  develop- 
ing the  desired  relations  between  the  various  photometric  quanti- 
ties. Acknowledgment  is  made  to  Blondel,  Palaz,  Liebenthal, 
Hering,  Kennelly,  Sharp,  Hyde,  Jones  and  others,  whose  writ- 
ings and  discussions  have  done  much  to  develop  the  subject. 

In  what  follows  some  of  the  names  are  used  in  a  different 
sense  from  that  ordinarily  obtaining,  and  slight  changes  have 
been  made  in  some  of  the  symbols.  These  changes  are  in  the 
interest  of  a  more  systematic  arrangement,  and  it  is  hoped  they 
may  not  be  found  confusing. 

GENERAL  DISCUSSION  AND  DERIVATION  OE  FORMULAS. 

I.  Point  source. — We  start  with  the  idea  of  a  luminous  flux 
radiating  from  a  point  source.  Experiment  shows  that  the  illu- 
mination produced  by  such  a  source  varies  inversely  as  the 
square  of  the  distance  from  the  source.     We  define  the  illumina- 
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tion  as  the  quantity  of  the  luminous  flux  falHng  upon  a  unit  of 
area. 

A  point  source  of  Hght  of  intensity  I  produces  a  luminous  flux 
in  every  direction,  the  numerical  value  of  which  at  any  given 
distance  is  proportional  to  the  intensity  I  and  inversely  pro- 
portional to  the  square  of  the  distance.  Thus  putting  E  for  the 
iUumination  at  a  distance  ;' 

E  =  ~.  (I) 

r 

If  the  light  source  is  at  the  center  of  a  sphere,  the  entire  inner 
surface  is  uniformly  illuminated ;  the  light  may  be  said  to  flow 
out  uniformly  in  all  directions,  and  the  space  to  be  filled  with 
a  luminous  flux.  The  total  flux  falling  on  the  inner  surface  of 
the  sphere  is  the  product  of  the  illumination,  or  flux  per  unit 
of  area,  E,  times  the  total  area.  Putting  F  for  the  total  luminous 
flux  it  follows  that 

F  =:=  47rr'E 
or,  by  equation  ( i) 

F  =  47rl.  (2) 

The  intensity  I  is  measured  in  candles,'^  the  flux  F  in  lumens, 
and  the  distance  r  in  centimeters.  In  practice  r  is  often  meas- 
ured in  meters  or  in  feet.  Thus  from  a  point  source  of  intensity 
I  candles,  there  is  a  luminous  flux  47rl  lumens.  This  is  analogous 
to  the  flux  of  47r  lines  of  magnetic  force  from  each  unit  of  mag- 
netism, and  of  47r  lines  of  electric  force  from  each  unit  of  elec- 
tricity, in  electrostatics. 

The  Hiix  density  is  the  luminous  flux  per  unit  of  area  nor- 
mal to  the  flux,  or  the  total  flux  F  over  an  area  divided  by  the 

F  ^F 

area  vS;  thus  the  flux  density  is  ---  ,  or  when  it  is  variable. 

S  ^S 

If  the  source  is  not  a  point  but  a  small  sphere  of  radius  a, 

the  flux  47rl  passes  out  from  a  radiant  surface  ^tto^.     Thus  the 

flux  density  of  radiation  or  the  specific  radiation,  is 

F  _     4^1    _  J^_ 

S'l    2 ^    ' 

^na  a 

1  It  is  proposed  to  call  the  new  value  of  the  American  candle,  which  is  the  same  as 
the  English  candle  and  the  French  bougie  decimale,  and  which  is  also  used  by  several 
other  countries,  the  International  candle. 
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Thus,  we  may  speak  generally  of  the  luminous  radiation  at  any 
point  in  space,  and  of  the  flux  density  of  such  radiation.  If 
it  falls  on  a  material  surface  the  incident  flux  density  is  the 
illumination  E;  as  it  comes  from  a  luminous  or  other  radiating 
or  diffusing  surface,  the  flux  density  is  the  radiation,  E'.  Al- 
though E  and  E'  are  quantities  of  the  same  nature,  it  is  con- 
venient thus  to  distinguish  them,  as  we  shall  see  farther  on. 

The  luminous  flux  density  in  space  is  analogous  to  electric  dis- 
placement in  electrostatics,  the  illumination  on  a  material  sur- 
face is  analogous  to  surface  density  of  electric  charge.  We  think 
of  an  electric  displacement  as  occurring  everywhere  in  space 
about  an  electric  charge,  but  a  surface  density  o-  occurs  only 
where  there  is  a  material  conducting  body  on  which  the  lines  of 
electric  force  terminate.  In  the  same  way  the  terms  luminous 
flux  and  flux  density  apply  generally.  The  radiation  is  the  flux 
density  at  the  source  of  the  flux,  and  the  illumination  is  the  flux 
density  or  flux  per  unit  of  area  on  the  surface  where  the  luminous 
flux  is  received. 

2.    DISTINCTION   BETWEEN   LUMINOUS   FI.UX   AND  ENERGY. 

The  total  luminous  flux  F  is  not  to  be  confused  with  the  total 
energy  flowing  from  a  luminous  body.  Luminous  flux,  or  light 
as  we  ordinarily  say,  is  the  physical  stimulus  which  applied  to 
the  retina  produces  the  sensation  of  light.  It  is  equal  to  the 
radiant  power  multiplied  by  the  stimulus  coefficient.  This  stimu- 
lus coefficient  is  different  for  every  different  wave  frequency  or 
wave  length,  and  is  of  course  zero  for  all  frequencies  outside 
the  visible  spectrum.  Hence,  if  Wa  is  the  power  (expressed  in 
w^atts)  for  unit  of  wave  length  of  the  spectrum,  and  Ka  is  the 
stimulus  coefficient  or  luminous  efficiency  whose  value  varies  with 
the  wave  length  A,  we  have  for  the  total  power  radiated  from  a 
body 

W  =  f  Wa  ^X 

and  for  the  luminous  flux 

F  =      'Ka  Wa  dX 

where  A^,  and  Ao  are  the  wave  lengths  at  the  limits  of  the  visible 
spectrum. 
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As  the  values  of  Ka  throughout  the  spectrum  are  not  accurately 
known,  it  is  not  possible  to  calculate  F  in  general.  But  by  meas- 
uring W  in  watts  and  F  in  lumens,  we  can  determine  the  ratio 
of  the  luminous  flux  to  the  radiant  power  in  any  particular  case. 
One  may  properly  say  that  luminous  flux  is  due  to  and  is  always 
associated  with  radiant  power  measured  in  watts :  but  the  state- 
ment sometimes  made  that  luminous  flux  and  radiant  power  can 
be  converted  into  one  another  like  feet  and  inches  is  misleading ; 
for,  as  stated  above,  the  conversion  factor,  the  stimulus  coefficient 
or  luminous  efficiency,  is  not  a  constant  like  the  ratio  of  feet  to 
inches,  but  is  variable,  having  a  different  value  for  every  different 
wave  length  in  the  visible  spectrum  and  falling  to  zero  outside 
the  visible  spectrum. 

3.    DEFINITION  OF  INTENSITY. 

If  the  source  is  not  symmetrical,  but  sends  out  a  total  luminous 
flux  F  unequally  in  different  directions,  then  the  mean  value  of 
the  intensify  is  called  the  mean  spherical  intensity,  and  its  value 
is 

T    —  -—  (  ^) 

We  thus  define  the  mean  spherical  intensity  with  respect  to  the 
total  flux :  and  similarly,  the  intensity  I  in  any  particular  direc- 
tion is  the  ratio  of  the  flux  through  a  small  solid  angle  in  that 
direction  to  the  angle.     Thus 

F  .  1 

I  =  —  ,   0)  being  a  solid  angle,  | 


(!) 


dV  ....  K^) 

or  I  =  -^  ,    diji   being   an    infinitesimal   solid   angle. 
a(i> 


In  the  case  of  a  point  source  or  unit  sphere  radiating  equally 
in  all  directions,  the  intensity  I  is  defined  as  the  flux  through  a 
unit  of  solid  angle,  or  steradian,  that  is,  I  =  F  when  w=  i.  This 

is  an  angle  subtended  by  —  of  a  spherical  surface,    and  in  the 

47r 

case  of  a  conical  angle  its  section  through  the  apex  is  a  plane 
angle  of  65°  32'  28". 
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4.    UXIT   DISC. 

An  elementary  disc  dS  of  brightness  c  gives  an  illumination 
at  P,  Fig.   I,  equal  to 

^^S  cos  e Q  cos  e 

■^P  '-=-  p        ~—         p       • 

Where  O  =  cdS  is  the  quantity  of  light  on  the  disc. 
Integrating  this   over   the   hemisphere   within   which   the   whole 
radiation  is  confined,  we  have  the  total  flux, 


27rr'  sin  c  cos  e  de 
F  =  Q    ■ 


=   rTrQsilVc]    3     =irQ  =-,rI,  (5) 

Thus,  the  total  luminous  flux  F  from  a  small  plane  disc  is  tt  times 
the  quantity  of  light  Q  on  the  disc,  and  also  tt  times  the  maximum 
intensity  I^,  normal  to  the  disc.  The  average  intensity  through- 
out the  hemisphere  is  one-half  of  the  maximum  intensity  (ttI-^ 
divided  by  27r)  and  the  mean  spherical  intensity  is  one-fourth  I^. 
Thus  we  have,  since  I5  =^  }i^i- 

F    --    TtIj     :.        47rl,.  (6j 

That  is,  the  total  flux  F  is  47r  times  the  mean  spherical  intensity 
as  with  a  point  source  or  uniform  sphere.  In  the  case  of  the 
disc,  the  spherical  reduction  factor  is  hence  34-  We  must  there- 
fore carefully  distinguish  in  the  various  forms  of  light  sources 
between  the  mean  spherical  intensity  I^.  the  maximum  intensity 
Ij,  and  the  intensity  in  some  particular  direction  I. 

5.    EXTENDED    SOURCE.      CIRCULAR    DISC. 

Let  JS  be  an  element  of  a  plane  radiating  surface  of  specific  light 
intensity  (or  brightness)  e,  defined  by  the  equation 

I  =  edS. 
That  is,  the  intensity  I  is  equal  to  the  product  of  c  into  the  small 
surface  dS.     Thus,  c  is  the  value  of  the  intensity  I  when  the 
surface  is  unity,  and  is  the  quantity  of  light  per  unit  of  area 
measured  in  candles.     Thus  the  intensitv  I  would  be  measured 


ROSA:       rHOTOMETRIC     UNITS     AND     NOMENCLATURE:         479 

by  comparing  it  experimentally  with  a  standard  light  source,  and 
it  is  equal  to  the  intensity  of  a  point  source  or  unit  sphere  which 
produces  the  same  illumination  on  a  given  test  screen  (of  a 
photometer).  Thus,  while  we  define  the  intensity  of  a  light  source 
as  the  luminous  flux  per  unit  solid  angle,  we  determine  it  by 
comparison  with  a  concrete  standard  by  means  of  the  illumina- 
tion produced  on  a  test  screen  at  a  convenient  distance,  using 
a  photometer  and  employing  the  law  of  inverse  squares. 
In  Fig.  2  the  illumination  at  Pi  in  the  normal  to  dS  is 

E  -  ^'^^ 

while  the  illumination  at  Po,  the  angles  of  emergence  and  in- 
cidence being  c  and  i  respectively  is 

^  ^^S  cos  c  cos  z  ,   . 

B, ^ .  (7) 

The  cosine  law  is  assumed  to  hold  exactly  for  both  surfaces. 

To  calculate  the  illumination  due  to  a  circular  disc  of  bright- 
ness (2.  e.  specific  light  intensity)  e  and  radius  a  on  a  small  plane 
area  P,  normal  to  the  axis  of  the  disc  at  distance  r  we  integrate 
the  effect  of  each  elementary  circular  ring  of  the  disc.  Thus,  in 
equation  (7),  putting  (/S  =  2ir.xdx, 


^  ,    2Trxdx  cos  €  cos  i 


Since  cos  e  =^  cos  2  ■=  — :— _:;:^ 


1    r^  -    .r 


_  ,      2xdX'?-'^ 

H  =  ^e\  >.,.,,  (8') 


{r'-\-x'y 


L        ;--  -f   x'  Jo  L         r"  -f  a^  J 

-r.  TT-ea'^  eS  Q  . 

?"  -;-  a  r  ^  a-  r-  -^  a 

where  Q  is  the  product  of  the  surface  of  the  disc  into  the  specific 
intensity  e,  and  is  the  total  quantity  of  light  upon  the  disc  meas- 
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I 

iired  in  candles.  If  the  disc  were  very  small  Q  would  be  the 
same  as  the  intensity  I  of  the  source ;  but  for  an  extended  source 
we  must  distinguish  between  the  equivalent  intensity  I  and  the 
surface  integral  of  the  specific  intensity,  which  is  Q.  The  latter 
we  have  called  the  quantity  of  light  upon  the  disc ;  it  is  propor- 
tional to  the  total  luminous  flux  F  coming  from  the  extended 
source,  and  is  equal  to  F/tt,  equation  (5).  Q  and  F  really  meas- 
ure the  same  thing,  except  that  Q  is  located  on  the  source  and  is 
measured  in  candles,  while  F  is  located  in  the  surrounding  space 
and  is  measured  in  lumens ;  their  ratio  is  constant  as  F  =  ttQ 
always.' 

In  the  case  of  the  disc  above  mentioned,  the  illumination  E 
on  a  small  plane  normal  to  the  axis  is  proportional  to  the  total 
quantity  of  light  Q  on  the  extended  source  (the  circular  disc) 
and  inversely  proportional  to  the  square  of  the  distance  d  from 
Pj  to  the  edge  of  disc.  This  holds  true  for  all  distances  r  from 
zero  to  infinity.  Thus  the  lazv  of  inverse  squares  holds  gener- 
ally for  the  illumination  along  its  axis  due  to  a  circular  disc  of 
any  size,  but  the  distance  is  measured,  not  to  the  center  of  the 
disc,  hilt  to  the  edge. 

Thus  we  have 

E  =  — r  for  a  point  source  or  a  unit  disc,"^ 
r 

and  E  =  -~7  for  an  extended  disc.  (8a) 

a 

1  The  total  quantity  of  electricity  on  a  disc  of  area  S  is  equal  to  the  integral  of  the 
surface  density  o-  over  the  area.     Thus 

Q=  LrfS 


,(• 


=  o-S  when  a  is  uniform. 
The  brightness  or  specific  light  intensity  <•  of  a  sovirce  corresponds  to  the  surface  density 
of  electricity  <r,  and  the  total  quantity  of  light  over  a  surface  is,  in  the  same  wa\',  the 
surface  integral  of  e.     Thus 

=  e?>  when  <r  is  uniform  over  the  area  S. 

In  the  case  of  a  sphere,  the  surface  S  =  i^-na-.  Therefore,  for  the  spherical  source 
g  =  47raV,  whereas  the  intensity  I  =  -narf.  That  is,  the  intensity  I  of  a  spherical  source 
is  one-fourth  of  Q,  and  is  equal  to  the  light  on  a  disc  of  radius  a  and  brightne.ss  e.  That 
is.  the  intensity  of  the  sphere  is  equivalent  to  that  of  a  disc  of  the  same  diameter,  and  the 
same  Yjrightness,  for  points  at  a  great  distance. 

2  By  unit  disc  or  unit  sphere  is  meant  a  disc  or  sphere  whose  linear  dimensions  are 
negligible  in  comparison  with  the  distance  from  source  to  receiver. 
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To  illustrate  the  rate  of  variation  of  the  illumination  with  the 
distance,  let  a  =  i,  r^  =i  i,  r^  =  5. 

O  7r6 

In  the  first  case  for  the  point    P.,  E,  --~  -^  ^^  —   . 

^       ^        d^'  2 

O  TTc? 

In  the  second  case  for  the  point   P.,.  E.,  =  ~.,  =  —  . 

^      -         c/.;         26 

Thus  in  the  first  case  the  distance  is  5  times  less  and  the  illu- 
mination is  13  times  more  instead  of  25  times  more,  as  it  would 
be  if  the  light  Q  were  all  concentrated  at  the  center  of  the  disc. 
If  r  =  o,  the  illumination  is  Tie  or  twice  as  much  as  at  P^,  and 
not  infinite  as  it  would  be  at  zero  distance  from  a  point  source. 

This  theorem  is  useful  in  measuring  the  radiation  from  walls, 
as  the  radiating  area  may  be  quite  large  and  the  photometer 
relatively  near. 

6.  infinite:   pIvANj5. 

The  radiation  from  an  infinite  plane  S  upon  a  unit  area  of  a 
parallel  plane  T  is  found  by  integrating  equation  (8')  to  infinity. 
Thus  • 


(9) 


Thus  the  flux  density  or  illumination  at  any  point  P  on  the  T 
plane  is  -k  times  the  brightness  or  specific  light  intensity  e  on  the 
radiating  plane  S,  and  is  independent  of  the  distance  r. 

From  each  unit  of  area  of  S  having  a  specific  liglit  intensity 
e,  the  total  flux  is  mc,  as  shown  in  (5)  above.  The  resultant 
flux  at  all  points  is  the  same  as  though  the  total  flux  -kc  from  each 
unit  of  area  of  S  was  confined  to  a  cylindrical  tube  of  unit  area 
perpendicular  to  S.  in  which  case  the  flux  density  would  of 
course  be  constant  at  all  sections,  that  is  at  all  distances. 

7.    INFINITE  CYLIxVDKR. 

In  a  similar  manner  we  may  consider  the  flux  from  an  infinite 
circular  cylinder  of  uniform  specific  intensity  c,  and  radius  a. 

The  flux  coming  from  unit  length  of  the  cylinder  is  -ne  times 
the  area.     Hence  F  :=   2.iz^ae ;  whereas  the  flux  fallins;  on  the 


482       TRAXSACTJOXS  OK   ILLUMINATIXG   KXGINKKRIXG   SOCIETY 

inner  surface  of  a  concentric  cylinder  of  radius  ;',  is  E  times  the 
area,  E  being  the  ilhimination.  Hence,  for  a  unit  of  length  of 
the  cylinder  F  =  27rrE.     Therefore, 

K  =  --   =  Vi-^  .  (10) 

r  r 

Tlui?  the  illumination  due  to  an  infinite  cylinder  varies  inversely 
as  tiie  distance.  This  is  intermediate  between  the  case  of  the 
point  source,  for  which  E  is  inversely  as  r'-,  and  the  infinite  plane, 
where  E  is  independent  of  the  distance  ;  that  is,  proportional  to 
r°. 

The  quantity  O  for  the  luminous  cylinder  is  e  times  the  surface. 
Therefore  the  quantity  per  unit  of  length  is 

Q^  =  27rae  (11) 

The  total  luminous  flux  F,  as  stated  above,  is  2Tv-ae.  Hence  the 
total  flux  per  unit  of  length  F^,  is  w  times  the  quantity  or 

or,  for  any  portion  (or  the  whole)  of  an  infinite  cylinder  of 
uniform  specific  intensity,  the  total  flux  is  tt  times  the  quantity; 
that  is, 

F-ttQ  (12) 

as  shown  above  for  a  circular  disc. 

8.    UNIT    LENGTH    OE    CYTJNDER. 

Suppose  a  light  source  in  the  form  of  a  very  long  cylinder  of 
radius  a  and  uniform  specific  intensity  e.  It  is  desired  to  deter- 
mine experimentally  its  total  luminous  flux  F.  Suppose  one  has 
measured  by  means  of  a  photometer  the  equivalent  intensity  Ii  of 
unit  length  of  the  cylinder,  (screening  the  photometer  from  all 
but  a  short  section  of  the  cylinder)  :  we  are  to  calculate  the 
total  flux  F  from  I^.  The  unit  length  of  cylinder  will  produce 
the  same  illumination  at  a  distance  as  a  rectangular  plane  of 
breadth  2a  and  height  unity  of  specific  intensity  e  equal  to  that 
of  the  surface  of  the  cylinder.  Hence  the  equivalent  intensity 
I^  is  equal  to  2ae  and  the  illumination  produced  on  a  photometer 
screen  at  distance  r  is 

7  y 
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Fig.  8 


Fig.  9 


Fig.ll 


I 


Fig.r2 


Fig.  13 
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The  quantity  of  light  on  the  cylinder  per  unit  of  length  is  e 
times  the  surface  or  2Trac ;  and  the  total  flux  F^  is  -n  times  the 
quantity. 

Thus  we  have 

Fi  =  2TT'-ae 
I^    =  2ae 
.-.     F,  TT^I,  (r,) 

Thus  to  obtain  the  total  luminous  flux  F^  from  the  measured 
value  of  the  equivalent  intensity  of  a  unit  of  length  of  the 
luminous  cylinder  we  multiply  this  intensity  I^  by  ir,  instead  of 
multiplying  by  \Tr  as  in  the  case  of  a  sphere. 

The  spherical  reduction  factor  of  a  short  cylinder  (the  convex 
surface  only  being  luminous)  is  therefore  tt'^/^.tt  =  77/4  =  0.785- 
This  would  be  nearly  true  for  an  incandescent  lamp  having  a 
single,  straight  filament.  The  value  for  a  hairpin  filament  would 
be  only  slightly  larger. 

If  the  cylinder  is  quite  long,  we  should  then  get  the  total  flux 
F  by  multiplying  F^  by  the  length  of  the  cylinder.  This  demon- 
stration is  of  course  based  on  the  assumption  that  the  cosine 
law  holds  for  the  cylinder.  If  the  source  is  a  long  tube,  like 
the  Moore  light,  the  result  would  be  subject  to  any  modificat'on 
dependent  on  its  departure  from  the  cosine  law. 

Thus  while  the  total  flux  F  is  always  tt  times  the  quantity  O 
of  the  source,  it  is  not  always  4-77  times  the  intensity.  It 
is  47r  times  the  intensity  I  for  a  point  source  or  sphere,  tt-L 
times  the  equivalent  intensity  I^  (measUx-ed  at  a  relatively  great 
distance)  of  unit  length  of  a  long  cylinder,  L  being  the  length, 
and  ttS  times  the  equivalent  intensity  I^  of  unit  of  area  of  a  plane, 
S  being  the  area  of  the  plane. 

It  is,  however,  always  4-77  times  the  mean  spherical  intensity 
of  the  given  source.  The  illumination  produced  by  a  short  cy- 
linder is  approximately  inversely  proportional  to  the  square  of 
the  distance.  For  all  distances  greater  than  five  times  the  length, 
the  departures  are  not  greater  than  0.2  per  cent,  in  a  particular 
case  worked  out  by  Hyde  ;  the  diameter  of  the  cylinder  in  this 
case  was  one-tenth  the  length.  The  exact  expression  for  the  illu- 
mination due  to  a  finite  cylinder  is  not  simple,  and  the  calculation 
tedious. 
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9.   CASE  OF  LARGE  SPHERE. 

If  a  surface  S^  (suppose  a  portion  of  a  spherical  surface  of 
radius  }\)  has  a  specific  Hght  intensity  (brightness)  e  and  sub- 
tends a  small  solid  angle  w,  the  illumination  whicli  it  produces  at 
P  is 

^  —  —-—-¥-  =  ^^.  (14) 


r' 


A  second  surface  So  of  the  same  specific  intensity  will  produce  the 
same  illumination  at  P  provided  it  subtends  the  same  angle  w. 
A  third  surface,  S3,  at  any  angle  will  also  produce  the  same 
illumination  at  P  if  it  has  the  same  specific  intensity  e  and  sub- 
tends the  same  solid  angle  w.      For  the  radiation  of  each  element 


(iSs  is 


-^  cos  €  = ~  =  eo) 


as  before.  So  also  with  the  curved  surface  S4.  In  every  case 
the  greater  distance  from  P  or  the  inchnat'on  of  the  angular  posi- 
tion is  compensated  by  the  greater  area  included  within  the  given 
solid  angle. 

Let  us  calculate  the  illumination  at  P  due  to  a  large  luminous 
sphere  of  radius  a  and  specific  intensity  e,  r  being  the  distance 
from  P  to  the  center  of  the  sphere.  Let  the  solid  angle  APB 
subtended  at  P  by  the  sphere  be  subdivided  into  a  large  number 
of  elementary  solid  angles.  Each  of  the  latter  encloses  an  area, 
as  Si,  on  the  surface  of  the  sphere,  and  also  a  corresponding 
area  S/,  on  the  circular  disc  AB.  As  we  have  just  seen,  the 
illumination  produced  at  P  by  each  spherical  area  Si,  So,  etc.,  is 
exactly  the  same  as  that  produced  by  the  corresponding  plane 
areas  Si',  So',  etc.,  of  the  disc,  if  the  specific  light  intensity  e  is 
the  same  for  the  disc  as  for  the  sphere.  Therefore,  the  illumina- 
tion at  P  due  to  the  entire  sphere  is  the  same  as  that  due  to  the 
disc  AB,  and  we  can  calculate  the  latter  by  formula  (8a).  That 
is, 

where  O  is  the  quantity  of  light  on  the  disc  and  d  is  the  distance 


486      TRANSACTIONS  OF  ILI.UMINATING  KNGINE:ERING  SOCIETY 


AP  from  the  point  P  to  the  edge  of  the  disc. 

Q  is  equal  to  e 

times  the  area  of  the  disc,  or 

Q  =^  7r{a  cos  Oy-'e 

d  =  r  cos  0 

A  ^2           ^.    . 

(•5) 

where  Q,  is  the  quantity  of  Hght  on  the  sphere  ^  ^ird^e  and  is 
constant  for  all  distances,  and  I,  is  the  intensity  of  the  equivalent 
point  source.  Therefore,  the  illumination  produced  by  a  sphere 
of  any  size  is  inversely  proportional  to  the  square  of  the  dis- 
tance measured  from  its  center,  and  is  equal  to  the  intensity  of  a 
point  source  (or  unit  sphere)  having  the  same  total  amount  of 
light  divided  by  the  square  of  the  distance.  In  other  words,  the 
inverse  square  law  holds  just  as  rigorously  for  large  spheres  as 
for  points,  (always,  of  course,  assuming  the  cosine  law  to  hold 
for  the  spherical  surfaces,  and  the  specific  intensity  e  to  be  uni- 
form over  the  sphere).  When  P  comes  very  near  to  the  sur- 
face the  area  AB  of  the  sphere  available  for  illuminating  P  is 
very  small,  but  the  distance  is  just  enough  less  to  counterbalance 
When  P  comes  up  to  the  surface,  r  =  a,  and 

the  same  as  for  an  infinite  plane,  to  which  the  sphere  is  equiva- 
lent when  the  distance  from  the  surface  is  reduced  to  zero. 
The  same  result  is  reached  more  simply  as  follows : 
A  luminous  sphere  of  radius  a  and  uniform  specific  light  in- 
tensity e  gives  off  a  total  flux  F  =  ^ira-  X  tt^  =  ^ir'^a'^e.  This 
produces  an  illumination  on  the  inner  surface  of  any  concen- 
tric sphere,  which  by  symmetry  will  be  uniform  over  any  spheri- 
cal surface  and  F  =^  47rr^'E. 

ira  'e  I 

r  r 

Therefore,  the  ilktmination  produced  by  a  sphere  of  uniform 
specific  intensity  e  is  inversely  proportional  to  the  square  of  the 
distance  from  the  center  for  all  distances,  from  the  surface  of 
the  sphere  to  infinity. 
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10.    RECIPROCAIv  RElvATlONS. 

From  what  precedes  we  see  that  the  illumination  at  any  point  P 
due  to  the  hollow  hemisphere  ACB  is  the  same  as  that  due  to  the 
circular   disc   AOB.     The  latter   is 

When  OP  is  reduced  to  zero,  the  illumination  due  to  the  disc  is 
-ne,  and  hence  the  illumination  at  O  on  an  elementary  plane  area 
in  the  diametrical  plane  is  -n  times  the  specific  intensity  e  of  the 
surface  of  the  sphere.  We  have  already  seen  that  the  total  flux 
from  a  unit  of  surface  of  intensity  e  is  -nc.  Hence  the  total  flux 
through  unit  area  S  at  O,  due  to  the  hemisphere,  is  equal  to 
the  total  flux  through  the  hemisphere  due  to  the  luminous  unit 
area  S,  the  specific  intensity  c  being  the  same  in  each  case. 

This  is  a  particular  case  of  a  more  general  proposition,  namely ; 
the  Hux  due  to  any  surface  S  passing  through  an  element  dS 
is  equal  to  the  Hux  due  to  the  latter  passing  through  the  former, 
the  specific  intensity  being  the  same  in  each  case. 

As  shown  above,  the  illumination  E  at  P^  due  to  Si,  is  equal 
to  <foo  where  e  is  the  specific  intensity  of  S,  and  w  is  the  solid 
angle  subtended  at  Pj  by  S,,  this  is  independent  of  the  shape  of 
Sj  or  its  distance  from  P^.  The  flux  F  passing  through  dS  at  P^ 
is  therefore 

F  ^    \ed(iidS  cos  6,  over  the  area  of  S,.     Or 

F  =  edS  \doy  cos  B.  (17) 

Similarly,  the  flux  due  to  <iS  at  P/passing  through  S^  is 
F  =--  \edS  cos  6  dio 
—    edS  I  cos  0  doi. 

In  the  integration,  every  element  dw  of  the  solid  angle  is  to  be 
multiplied  by  the  cosine  of  the  angle  it  makes  with  the  normal  to 
the  area  dS. 

As  the  same  theorem  holds  for  the  elementary  areas  Po  and  P.., 
etc.,  it  holds  for  their  sum,  and  hence  for  a  finite  surface  S.. 
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Hence  we  see  g-enerally  that  the  luininoiis  flux  due  to  a  surface 
S^  passing  through  S..  is  equal  to  the  luminous  flux  due  to  S. 
passing  through  Sr,  the  specific  intensities  e  being  the  same  in 
each  case.  This  is  analogous  to  the  theorem  that  the  magnetic 
flux  due  to  a  magnetic  shell  S,  which  passed  through  a  second 
shell  S,.,  is  equal  to  that  part  of  the  magnetic  flux  of  S.,  which 
passes  through  S,,  the  strength  of  the  shells  being  supposed  the 
same.  Or,  again,  the  numlu^r  of  lines  of  force  due  to  unit  cur- 
rent in  an  electric  circuit  S^  passing  through  S.  is  equal  to  the 
number  of  lines  of  force  due  to  unit  current  in  So  passing  through 
S|.  It  follows  from  the  above  that  in  any  closed  surface  of 
uniform  specific  intensity  e,  the  flux  passing  out  from  any  por- 
tion S,  is  equal  to  that  received  from  the  remainder  of  the  sur- 
face.   So. 

II.    HOLLOW    SPHERE. 

Suppose  a  hollo\v  sphere  of  uniform  surface  having  a  coeffi- 
cient of  diffuse  reflection  m. 

I  —  7?i  =  absorption. 
Let  E    -^  illumination  at  S. 
'E'  =  mH  -^  radiation  from  S. 
;;?E 


TT 


=  specific  intensity  or  brightness  of  S. 


The  flux  falling  on  S,  due  to  S  is, 


S,rfE,  ^-  ^^5^4551^  =  "^    ^5^^?Sl*.  (,8) 


But  r        2a  cos  <^ 
cos"'^  </) 


r'^  --^  AO^  COS"  (/) '  ,  .  wE 

.-.  ^Ei  = 


d-O' 


r  4.a 

and  this  is  the  same  for  every  element  of  the  sphere.  Hence 
every  clement  illuminates  all  other  elements  equally.  Therefore, 
the  indirect  illumination  of  the  sphere  must  be  the  same  every- 
where, no  matter  how  unequal  the  direct  illumination  may  be. 
That  is,  a  light  at  L  illuminates  the  sphere  unequally,  directly. 
But  that  part  of  the  total  illumination  due  to  diffuse  reflection 
is.  notwithstanding,  equal  everywhere. 
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A  light  of  mean  spherical  intensity  I  sends  out  477!  lumens. 

Of  this  there  is  reflected,  ist,  47r/;/I  lumens. 
Of  this  there  is  reflected,  2d,  ^7r7n'l  lumens. 
Of  this  there  is  reflected,  3d,   ^7r7n^l  lumens. 

Therefore,  total  amount  of  flux  reflected  is/^-n-lm  [i  +  w  -f  ?n'^  -\- 
m    -}-  .  .  .J  -=^  47rl ==:  F,. 

I    711 

Hence,  the  secondary  illumination,  everywhere  equal  on  the  sur- 
face of  the  sphere,  is 

K  77l\ 

^^■Ka  a  (  1  —  w) 

Thus,  the  indirect  illumination  is  proportional  to   I,  and  the 
lamp  of  intensity  I  may  be  anywhere  in  the  sphere.     It  is  equal  to 

of  what  the  direct  illumination  would  be  if  the  source  were 

I  —  ;;/ 

placed  at  the  centre  of  the  sphere. 

For  example,  let   a    16  candle-puwer  lamp  be  placed  within  a 

sphere  having  a  radius  of  one  meter,  and  a  coefficient  of  diffuse 

reflection  of  0.8. 


Then  I  =    16. 

a  =  1  meter. 
m  =  0.8. 

B.,  =  — '—  ^   =^  64  meter  candles. 

^         0.2         I 

Bi  =  — ^  ^^  16  meter  candles,  if  lamp  is  in  the  center. 

B  =  Bi  +  B,  -=  80. 

Thus,  the  total  illumination  is  five  times  what  it  would  be  if  the 
walls  were  perfectly  black.     We  can  put  this  in  another  way  : 
Of  the  total  illumination  of  80  meter  candles,  20  per  cent,  is  ah 
sorbed  by  the  walls.     Therefore,  the  lamps  or  source  must  sup 
ply  only  one-fifth  of  the  total  illumination,  just  enough  to  make 
good  the  constant  loss. 

Thus,  the  source  is  analogous  to  an  exciter  of  electric  waves 
that  must  supply  just  enough  energy  to  make  good  the  friction  or 
resistance  losses  in  the  circuit.- 
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12.    LUMINOUS  FLUX   WITHIN   AN   ENCLOSURE. 

If  the  inner  surface  of  the  hollow  sphere  has  a  brightness  e, 
and  a  specific  radiation  E'  =  ttc,  a  unit  disc  at  the  center  of  the 
sphere  will  receive  an  illumination  E  =:  tt^.  The  same  will  be 
true  wherever  the  unit  disc  is  placed  within  the  sphere,  and  what- 
ever the  orientation  of  the  disc.  That  is,  the  flux  falling  on  the 
disc  will  be  everywhere  the  same.  The  flux  density  within  the 
hollow  sphere  is  therefore  everywhere  uniform  and  equal  to  irc. 
The  flux  from  a  point  source  is  thought  of  as  in  straight  lines, 
and  a  disc  can  be  placed  normal  to  the  direction  of  the  flux.  But 
within  the  sphere  the  flux  has  a  uniform  value,  but  no  resultant 
direction. 

Within  a  cube  or  enclosure  of  any  shape,  of  which  the  walls 
have  a  uniform  brightness  e  or  uniform  specific  radiation  E'  the 
same  condition  obtains  as  in  the  sphere ;  namely,  the  luminous 
flux  is  everywhere  the  same,  and  a  small  area  will  have  the 
same  illumination  no  matter  where  it  is  placed  or  how  it  is 
oriented.  This  is  seen  by  dividing  up  the  space  about  any  point 
P  into  elementary  solid  angles.  The  illumination  due  to  the 
surface  subtending  an  angle  w  is  independent  of  the  distance  from 
P,  and  hence  it  will  be  -kc  for  the  total  angle  27r  on  either  side  of 
the  surface  at  P,  no  matter  where  the  surface  is  placed. 

The  same  is  true  therefore  for  the  space  between  two  infinite 
planes  of  brightness  e.  The  illumination  is  -rrc  on  a  small  plane 
at  Pj,  Po  or  P.,,  anywhere  between  the  two  radiating  planes  S 
and  T  no  matter  how  they  may  be  placed.  Evidently  we  cannot 
think  of  the  flux  as  normal  to  the  planes,  as  with  the  lines  of 
force  due  to  electrostatic  charges  on  the  planes  S  and  T.  The 
luminous  flux  normal  to  P..^  is  the  same  as  normal  to  P-^.  On 
the  other  hand,  the  electric  force  normal  to  Pg  would  be  zero. 

These  theorems  have  a  practical  application  in  the  lighting  of 
rooms. 

13.    SUMMARY    OF    PHOTOMETRIC    RELATIONS. 

The  preceding  discussion  has  shown  the  necessity  for  distin- 
guishing several  diflferent  photometric  quantities  which  are  some- 
times confused.  One  writer  has  advocated  the  use  of  the  fewest 
possible  names,  and  has  tried  to  show  that  intensity,  Hux  and  fliix 
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density  are  sufficient.  In  order  to  fix  our  ideas  more  clearly 
it  will  be  advantageous  now  to  state  as  concisely  as  possible  the 
definitions  of  the  several  quantities  and  distinctions  between 
them. 

Luminous  Hux,  or  light  as  the  term  is  used  in  photometry,  is 
the  usual  physical  stimulus  which  excites  vision.  It  is  propagated 
by  means  of  the  vibratory  motion  in  the  ether,  and  the  frequency 
of  the  vibrations,  or  the  combination  of  frequencies  present  in 
any  given  case,  determines  the  color.  The  total  quantity  of 
flux  F  flowing  away  from  a  monochromatic  luminous  source  is 


Fig.H 


i'ig.15 


Fig.16 


proportional  to  the  total  radiant  energy,  .ind  to  a  stimulus  co- 
efficient, the  latter  being  the  luminous  efficiency  Ka  for  the  par- 
ticular frequency  or  wave  length  of  the  given  radiation.  Thus 
the  equations 

F  =  Ka  W 
Fa 


K; 


W; 


express  the  luminous  flux  as  the  power  W  multiplied  by  the 
luminous  efficiency  Ka  ,  and  if  flux  is  expressed  in  huvens  and 
the  power  in  zvatts,  the  luminous  efficiency  is  the  number  of 
lumens  per  watt  of  radiation  of  the  wave  length  A.  For  white 
or  chromatic  light,  K  will  have  a  value  depending  on  the  distri- 
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bution  of  the  energy  in  the  spectrum.  It  is  a  maximum  in  the 
yellow  green  region  and  falls  off  rapidly  in  either  direction, 
reaching  zero  at  the  limits  of  the  visible  spectrum.  The  lumin- 
ous  efficiency  of  most  light  sources  is  greatly  reduced  by  the 
amount  of  radiation  outside  the  visible  spectrum,  chiefly  of 
longer  wave  length  than  that  of  visible  radiation,  and  the  total 
efficiency  of  such  a  source, 

^~  W 

is  the  quotient  of  the  total  luminous  flux  divided  by  the  total 
radiant  power. 

For  the  purposes  of  definition  and  of  expressing  the  mathe- 
matical relations  involved  in  photometiy,  it  is  permissible  to  con- 
fine purselves  to  monochromatic  light,  and  to  consider  K  a  con- 
stant, although  it  does  in  fact  vary  somewhat  with  the  magnitude 
of  the  flux  density.  We  also  assume  that  all  surfaces  are  per- 
fectly diffusing  and  obey  the  cosine  law,  and  that  there  is  no 
absorption  in  the  atmosphere. 

The  intensity  of  a  point  source  or  uniform  luminous  sphere  is 
measured  by  the  luminous  flux  flowing  through  a  unit  solid  angle 
whose  apex  is  the  given  point  or  center  of  the  given  sphere. 
Thus  from  a  source  of  intensity  I,  light  is  flowing  away  at  a  rate 
of  I  lumens  per  unit  solid  angle  or  a  total  of  477!  lumens  for  the 
point  source  or  uniform  sphere.  If  the  source  is  not  uniform, 
and  light  is  flowing  away  at  unequal  rates  in  different  directions, 
the  intensity  I  in  any  direction  is  equal  to  the  flux  JF  in  an  ele- 
mentary solid  angle  d^^)  taken  in  the  given  direction.      Thus 


is  a  general  expression  applying  to  all  point  sources  whether 
radiating  equally  or  unequally  in  different  directions.  If  the  un- 
symmetrical  source  is  extended,  as  for  example  an  incandescent 
lamp  or  a  diffusing  globe,  the  same  holds  true  if  the  distance  at 
which  the  measurements  are  made  are  sufficiently  great  so  that 
the  distribution  of  light  is  practically  the  same  as  from  an  un- 
.symmetrical  point  source.  For  less  destances  than  this,  the  in- 
tensity is  not  a  constant  in  a  given  direction,  but  varies  with  r. 
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In  this  case  the  equivalent  intensity  at  any  point  is  equal  to  that 
of  a  point  source  which  gives  the  same  flux  density,  or  lumens 
per  sq.  cm.,  at  the  point  that  the  given  source  does.  The  mean 
spherical  intensit\-  I,,  is  the  average  value  of  the  i  te  >it>  .  and 
is  equal  to  the  total  flux  F  divided  by  47r. 

The  total  flux  from  a  given  extended  source  is  therefore  a 
constant  independent  of  distance,  as  is  also  the  mean  spherical 
intensity  I,.  The  intensity  I  in  a  particular  direction,  1  owevc  r, 
in  the  case  of  extended  sources  other  than  spheres  varies  with 
the  distance,  but  at  relatively  great  distances  the  variation  is  in- 
appreciable. 

Thus  the  luminous  flux  is  the  fundamental  quantity.  But  while 
we  define  I  as  the  flux  per  unit  solid  angle,  or  rate  of  Hiix  zvith 
respect  to  solid  angle,  we  determine  I  by  comparison  with  a  con- 
crete standard.  Thus  photometric  standards  are  really  standards 
of  light  flux,  their  values  being  expressed  in  candles. 

If  /  is  the  spherical  reduction  factor  with  respect  to  any  par- 
ticular direction,  and  I  is  the  intensity  of  a  source  in  that  direc- 
tion, 

I.  = /I 

For  a  unit  disc,  that  is  a  small  circular  disc  of  uniform  bright- 
ness, the  total  flux  is  tt  times  the  normal  intensity  I^,  whereas  the 
mean  spherical  reduction  factor  with  respect  to  the  normal  is  54- 
Hence,  the  total  flux  is 

F  =-  ttI^ 

=^  47rl,,,  as  for  a  sphere. 
In  general,  for  any  liglit  source,  F,,  -     471!^  --  4'^/Ii   but  for  ex- 
tended sources  other  than  spheres,  the  value  of  /  as  well  as  I 
varies  with  the  distance  from  the  source  for  points  relatively  near 
the  source. 

The  specific  flux  or  flux  density  is  the  luminous  flux  per  unit 
of  area,  or  lumens  per  square  centimeter.  When  the  flux  falls 
upon  a  material  surface,  we  call  the  specific  flux  the  illumination, 
E.  When  we  speak  of  the  flux  coming  from  a  surface,  whether 
it  be  a  self-luminous  source  at  high  temperature,  or  a  reflecting  or 
radiating  surface  at  low  temperature,  we  call  the  specific  flux 
the  specific   radiation,   or  simply  the  radiation,   E'. 

Thus  the  illumination  E  is 


404 
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E  -    ^'    - 


a^F, 


I 


The  radiation  E'  is 

^     '    S  ^S  * 

F,  is  the  incident  flux,  F,  is  the  emitted  or  radiated  flux.  If  7n 
is  the  coefficient  of  diffuse  reflection  or  transmission,  (i  —  m) 
being  the  absorption, 

F,  =   77lVi 

E'  ==  ^E, 

where  the  radiation  consists  in  the  diffuse  reflection  or  trans- 
mission of  a  portion  of  the  incident  flux  or  illumination. 

The  radiation  or  illumination  when  large  may  be  expressed 
in  lumens  per  sq.  cm. ;  when  small  in  milli-lumens  per  sq.  cm. 
The  milli-lumen  per  sq.  cm.  is  nearly  equivalent  to  the  foot- 
candle. 

10,000  lumens  per  sq.  meter. 

10,000  meter  candles. 

10  meter  candles  =^  10  lux. 

= —  foot-candles. 

1.0765 

Specific  intensity  ^  of  a  source  is  the  intensity  in  candles  per  sq. 
cm.  of  area,  taken  normally.     Thus 

^  ^   s   ~"  ^s  • 

Brightness,  or  specific  light  intensity,  refers  to  the  quantity  of 
light  per  unit  of  area  of  a  source,  and  is  measured  in  can- 
dles per  sq.  cm.  Brightness  can  refer  equally  to  luminous 
sources  of  relatively  high  specific  intensity  or  to  reflecting  and 
radiating  sources  of  low  intensities.  The  latter  may  be  con- 
veniently expressed  in  milli-lumens  per  sq.  cm.  Thus  we  may 
say  a  flame  has  a  specific  radiation  of  10  lumens  per  sq.  cm. 
or  a  brightness  (specific  intensity)  of  0.8  candles  per  sq.  cm. ;  and 
a  wall  has  a  specific  radiation  of  10  milli-lumens  per  sq.  cm.,  or 
a  brightness  of  0.8  milli-candles  per  sq.  cm.  or  of  8  candles  per 
sq.  meter. 

The  quantity  O  is  proportional  to  the  total  amount  of  light 


I  lumen  per  sq.  cm. 
I  milli-lumen  per  sq.  cm. 
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emitted  by  the  source,  and  is  equal  to  the  surface  integral  of  the 
specific  intensity  e.     Thus 


2-1 


edS. 


The  quantity  for  a  small  luminous  circular  disc  of  radius  a  and 
uniform  specific  intensity  e  is 

O  =  irO^e  =  Ii- 
That  is,  the  quantity  is  equal  to  the  maximum  intensity.  In 
this  case,  the  whole  surface  is  equally  effective  in  producing  the 
illumination  on  the  test  screen  by  which  the  intensity  I  is  meas- 
ured. But  for  an  extended  disc,  the  quantity  and  the  normal  in- 
tensity, as  we  have  seen  above,  are  not  the  same.  Thus,  the 
quantity  is  e  times  the  surface,  or 

Q      _  I. 


^'         d'  +  r'  r' 

I,  r"  r' 


cos-^  e. 


'  '     Q  d'  ^  r'  d' 

That  is,  the  normal  equivalent  intensity  of  the  disc  with  respect 
to  the  point  P  is  Q  times  cos-^.  When  the  distance  is  equal  to 
the  radius  of  the  disc,  the  quantity  O  is  twice  the  normal  intensity 

The  total  luminous  flux  is  ireS  or  tt  times  the  quantity,  and 
the  mean  hemispherical  intensity  is  — -  or  half  the  quantity. 

In  the  case  of  a  sphere   of   uniform   specific   intensity   e  the 

quantity  is  ydS  ~-  ^Ttd'e.      The  intensity  I  ~  ird'e.      Hence  the 

intensity  is  one-fourth  the  quantity.     In  other  words,  the  total 
radiation  from  the  sphere  is  four  times  as  great  as  from  a  unit 
disc  of  the  same  normal  intensity.     The  relation  between  quantity 
and  intensity  for  a  few  simple  cases  are 
For  a  unit  disc  I,  =^  Q. 

For  an  extended  circular  disc  Ij  =  Q  cos^  6  =  Q-7^  . 


For  a  sphere  I  =  /^Q- 


For  a  unit  cylinder  I  ^^  — Q 


TV 
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The  total  luminous  flux  delivered  in  a  given  time,  that  is  the  time 
integral  of  the  luminous  flux,  may  be  expressed  in  lumen  seconds 
or  lumen  hours,  according  to  circumstances.     Thus,   putting  L 
for  the  total  lighting  in  the  time  T 
L=-  FT 

=  fp^T,  if  F  is  variable. 

where  F  is  in  lumens  and  the  time  is  expressed  in  the  most 
convenient  unit.  The  flash  of  a  firefly  may  be  expressed  in 
lumen-seconds ;  the  quantity  of  light  per  gram  of  an  illuminant, 
or  the  total  light  given  during  the  life  of  an  incandescent  lamps 
is  better  expressed  in  lumen-hours. 

Since  flux  of  light  may  also  be  expressed  in  spherical  candles, 

I  —  times  the  lumens)  we  may  also  express  the  time  integral 
\  47r  / 

or  total  quantity  of  light  in  terms  of  spherical  candles  and  hours. 

Thus 

L-I.T 

=  I  IdT,  if  the  spherical  candle- 
power  is  a  variable  with  respect  to  T,  the  value  of  L  being  here 
given  in  candle-hours. 

The  photometric  quantities  employed  in  the  preceding  dis- 
cussion are  shown  in  Table  I,  together  with  the  units  in  which  are 
expressed  and  the  equations  of  definition. 

The  symbol  F  has  been  employed  for  the  flux  (as  originall> 
proposed  b}^  Hospitalier)  instead  of  ^  for  the  following  reasons: 

1.  O  is  the  only  Greek  letter  in  the  series,  and  it  is  more  con- 
sistent to  use  a  Latin  letter;  F  is  the  initial  letter  of  tlie  word 
flux. 

2.  The  letter  ^  is  more  or  less  unfamiliar  to  many  illuminating 
engineers,  and  also  to  many  printing  offices,  and  it  is  often  con- 
fused with  the  small  letter  <^  which  is  used  for  an  angle. 

The  symbol  E'  is  used  for  radiation  instead  of  R  (as  proposed 
by  Hospitalier)  because  it  is  so  closely  related  to  the  illumina- 
tion. Blondel  and  others  proposed  to  employ  the  same  letter  E 
for  illumination  and  radiation,  but  that  gives  rise  to  confusion. 
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On  the  other  hand,  E'  gives  sufficient  distinction,  and  at  the  same 
time  recalls  their  close  connection.  The  letter  e  is  used  instead 
of  \  for  the  specific  intensify  or  brightness  because  it  has  been 
used  in  France  and  Germany,  and  hence  its  use  in  the  English 
language  tends  to  uniformity.  Quantity  of  light,  Q  is  here  used 
as  the  surface  integral  of  e  instead  of  the  time  integral  of  F. 
It  is  analogous  to  quantity  of  electricity  in  electrostatics,  and  is 
more  properly  employed  in  the  sense  here  used  than  with  the 
other  meaning:  The  term  lighting  for  flux  times  time  is  used 
in  harmony  with  the  usage  in  France  and  Germany. 

Til.    PROBLEMS     FOR     ILLUSTRATION. 

Problem  i. — A  lamp  of  200  candle-power  (supposed  uniform 
in  all  directions)  is  placed  in  the  center  of  a  spherical  diffusing 
globe  of  40  cm.  diameter,  the  absorption  of  which  is  30  per  cent. 
Required,  the  intensity  of  the  globe,  its  specific  intensity,  its 
specific  radiation,  the  illumination  on  its  inner  surface,  and  the 
illumination  it  produces  at  a  distance  of  3  meters  from  the  center 
of  the   globe. 

The  illumination  on  its  inner  surface  is 

-p.  I  200 

E        —,   ^  -    -        ~  0.5 
a  400 

lumens  per  sq.  cm.,  (formula  i).  The  radiation  E'  is  wE, 
where  ni  is  one  minus  the  absorption ;  it  is  here  0.7.  Therefore, 
the  radiation  is  0.35  lumens  per  sq.  cm.     The  specific  intensity 

E' 
^  is  —  or  o.  1 12  candles  per  sq.  cm.    The  intens  t\-  I  of  the  globe 

is  200  X  0.7  =  140  candles.  The  illumination  E  at  a  distance  of 
3  meters 

i^  =  ■ — ./  0.00156  lumens  per  sq.  cm. 


I 


300 


—     1 .56  milli-lumens  per  sq.  cm. 
1.45  foot-candles. 

or  E  .,     -=15.6  meter-candles. 

3' 

=^  15.6  hix. 

Problem  2. — A  circular  area  S,  two  meters  in  diameter,  on  the 
side  of  a  wall  is  uniformly  illuminated,  E  being  4  meter-candles. 
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A  photometer  placed  one  meter  from  the  wall,  perpendicular  to  the 
center  of  the  illuminated  area,  measures  the  equivalent  intensity 
I  of  the  area  S,  and  finds  it  to  be  i  candle.  What  is  the  absorp- 
tion coefficient  of  the  wall? 

The  illumination  E  being  4  meter-candles,  and  the  area  S  be- 
ing TV  square  meters,  the  flux  F  falling  on  the  area  S  is  477  lumens. 
The  measured  intensity  I  at  a  distance  r  =  i  meter  is  i  candle. 
Therefore,  the  quantity  of  light  on  the  disc  is 

d'  2 

O  =^  L — ^  =  I    X  =2  candles. 

The  total  flux  from  the  disc  is  -n-  times  the  quantity  Q.  There- 
fore, the  total  flux  coming  from  the  area  S  is  27r  lumens,  whereas 
the  flux  falling  upon  it  is  47r  lumens.  Therefore,  the  coefficient 
of  absorption  is  ^  or  50  per  cent. 

Problem  3. — Suppose  a  room  of  900  square  meters  total  wall 
surface  is  to  be  so  lighted  that  the  walls  shall  have  an  average 
illumination  of  10  lumens  per  square  meter,  the  coefficient  of 
absorption  of  the  walls  being  40  per  cent  on  the  average.  How 
many  lamps  of  15  mean  horizontal  candle-power  will  be  required? 

Part  of  the  illumination  will  be  due  to  light  reflected  from 
the  walls.  The  lamps  must  supply  that  which  is  absorbed.  The 
flux  to  be  supplied  is  therefore  F  =  0.40  X  900  X  10  =  3,600 
lumens.  If  each  lamp  has  a  spherical  radiation  factor  of  80 
per  cent.,  it  will  supply  47r  X  0.80  X  15  =^  150  lumens,  approxi- 
mately.    Hence,  24  lamps  will  be  required. 

(Examples  i  and  3  are  borrowed  from  one  of  BlondeFs  papers.) 

COIvIvECTlON   01^   FORMULAS. 

1.  E  =  — 2  fo^  point  source,   unit  sphere  of  any  size.     I  = 

^■n-a'^e,  where  a  =^  radius  of  sphere  and  e  =^  bright- 
ness of  surface. 

2.  E  =  — T~  lor  sphere  of  radius  a. 

r 

=  ire  when  r  =  a;  that  is,  at  surface  of  sphere,  same  as 
for  an  infinite  plane. 
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1    E    —  — ; 5-  ~-  -^  for  disc  of  radius  a,    at  distance  r  on 

«"  +  r  a 

axis. 

^  =  distance  of  point  on  axis  to  edge  of  disc. 

ttclc 

4.  K  ^    for  infinite  cylinder,   e  =  brightness  or  specific 

r 

light  intensity,     a  =  radius 
=    ^^    ,  where  Q^  ^^  quantity  of  light  per  unit  of  length 
=  7r<f  at  surface. 
Ij  =  — ^  =  intensity  per  unit  or  length. 

5.  E  ~    Tre  for  infinite  plane,  af  a//  distances. 

^/VQ  QOS  C 

6.  E  =  7, =  ed(x>  for  any  small  surface  ^S  subtending  a 

r 

small  angle  fl'w  at  any  distance. 

2e 

7.  E   -~         cos  c,   for  infinitely  long,   very  narrow  strip  of  <f 

r 

units  of  light  per  unit  of  length 

r 

8.  Q  ^^  \edS   over   sphere,    cylinder,    disc  or  other  surface 

where  e  =  normal  intensity. 

9.  F,  -=  ttQ,  for  sphere  or  other  extended  source. 

Q  lo  lo  r^  . 

10.   E  ^     i^  ^=  — T  •'•  ^"  ^  -FT  =  cos^  6,  for  a  disc. 
d^  r^  Q         d^ 

1^  =  equivalent  point  source,  Q  =^  quantity  of  light  over 

disc 

I    -^=  Q/4  for  a  sphere. 
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DISCUSSION     ON     THE     PRE:CEDING     PAPERS. 

B.  L.  Elliott : — Two  points  particularly  impressed  me  in  the 
beginning  of  the  paper,  one  of  them  being  the  distinction  be- 
tween subjective  and  objective  illumination.  We  speak  of 
illumination  as  the  amount  of  light  falling  upon  a  surface, 
and  we  also  think  of  it,  at  least  the  layman  very  commonly 
thinks  of  it,  as  the  light  reflected  from  the  surface,  in  other 
words,  the  appearance  of  the  surface.  We  speak  of  the  ihumi- 
nation  of  the  walls  of  a  room  as  the  way  they  appear  to  the 
eye.  Dr.  Rosa  cleared  up  this  point  in  a  manner  that  to  me  is 
new,  and  I  think  very  acceptable.  He  considers  the  illumina- 
tion as  subjective,  as  actually  the  amount  of  light  falling  upon 
a  surface,  and  radiation  as  the  amount  of  illumination  that 
is  apparent,  or  light  reflected  from  the  surface,  for  certainly 
a  surface  reflecting  light  radiates  light  as  much  as  if  it  were 
luminous. 

The  following  definition  of  light  is  given  on  the  third  page 
of  Dr.  Rosa's  paper :  ''Luminous  flux,  or  light  as  we  ordinarily 
say,  is  the  physical  stimulus  which,  applied  to  the  retina,  pro- 
duces the  sensation  of  light.  It  is  equal  to  the  radiant  power 
multiplied  by  the  stimulus  coefficient."  The  point,  it  seems  to 
me,  is  made  very  clear,  at  least  it  appeals  to  me  as  clearing 
up  the  question  very  admirably. 

There  are  a  number  of  ways  of  arriving  at  conceptions  of 
the  various  photometric  measurements,  several  of  which  have 
been  proved  at  different  times,  in  different  papers  presented 
before  the  Society.  I  think  that  this  is  the  first  time  that  the 
matter  has  been  considered  in  parallel  with  electrical  measure- 
ment— a  fact  that  will  certainly  appeal  to  those  who  are  familiar 
with  these  measurements. 

V.  R.  Lansingh: — Dr.  Rosa  has  given  us  in  his  paper  the 
nomenclature  used  in  considering  the  physical  quantities  of 
light.  The  other  side  of  the  subject,  the  physiological,  he  has 
not  considered.  I  would  simply  like  to  call  attention  to  two 
terms  which,  while  they  have  not  been  standardized  yet  are 
of  use.  One  I  may  term  the  efficiency  of  the  eye ;  this  may 
be  defined  roughly  as  the  amount  of  illumination  necessary  to 
see  clearly  a  given  object  when  a  light  is  shining  in  the  eye.  as 
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compared  with  the  amount  of  illumination  necessary  to  see  this 
object  when  the  light  is  not  shining  in  the  eye.  This  efficiency 
of  the  eye  is  of  special  value  in  the  case  of  street  lighting, 
where  we  have  lights  of  high  intensity  shining  in  the  eye;  also 
in  the  case  of  interior  illumination,  where  we  have  visible  light 
sources. 

The  other  term  visual  efficiency,  and  is  the  combined  efficiency 
of  the  eye  and  the  illumination  as  measured  on  the  photometer 
or  illuminometer.  Thus,  in  the  case  of  street  lighting,  it  would 
be  a  combination  of  the  efficiency  of  the  eye,  multiplied  by  the 
illumination,  as  measured  on  the  illuminometer,  i.e.,  the  ability 
to  see.  After  all,  when  we  reach  the  real  basis  of  our  illumi- 
nation, what  we  w^ant  is  the  ability  to  see,  so  that  it  is  necessary 
to  take  into  account,  not  only  the  physical  quantities  which  Dr. 
Rosa  so  well  brought  out,  but  also  the  effect  on  the  eye ;  the 
combination  of  the  two  is  what  might  be  called  visual  efficiency. 

C.  H.  Sharp : — The  point  which  Mr.  Lansingh  has  just 
brought  up  is  most  important.  I  recently  had  occasion,  in  speak- 
ing on  this  subject  before  the  Engineers'  Society  of  Western 
Pennsylvania,  to  call  that  quality  the  ''physiological  efficiency" 
of  the  installation.  Referring  back  to  the  eye  of  the  observer, 
the  installation  has  a  certain  physiological  efficiency.  Take  a 
case  like  this  room,  by  rearranging  the  illumination  and  without 
producing  any  more  foot-candles  on  this  surface,  we  might 
very  well  increase  the  physiological  efficiency.  That  would  be 
obtained  by  removing  glaring  light  from  the  eye. 

£.  B.  Rosa : — Would  not  that  simply  be  a  matter  of  opening 
the  iris  a  little  wider  to  take^  in  the  illumination?  If  a  bright 
light  is  shining  in  the  eye,  the  pupil  contracts,  and  therefore  the 
window  is  smaller,  and  we  can  take  in  less  of  the  objects  which 
we  attempt  to  see.  To  remove  anything  that  is  glaring,  as  I 
gather  from  the  remarks  made,  means  that  we  are  permitting 
the  eye  to  open  and  take  in  the  illumination  more  freely,  and 
therefore  the  total  quantity  may  be   correspondingly   reduced. 

V.  R.  Lansingh: — Replying  to  Dr.  Rosa's  point,  Mr.  Sweet 
has  investigated  this  subject  very  carefully,  and  his  conclusions 
are  that  the  pupilary  contraction  has  very  little  to  do  with  the 
effect  of  glare  in  the  eye.     He  defines  glare  in  the  eye  about  a? 
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follows :  We  have  the  effect  of  glare  when  the  regenerative 
powers  or  functions  of  the  eye  are  insufficient  to  take  care  of 
the  degenerative  effects  of  the  light  stimulii ;  for  example,  we 
may  be  looking  at  an  object  with  a  light  source  in  the  field  of 
vision;  if  the  two  are  so  close  together  that  the  stimulii  from 
the  bright  light  overlap  that  portion  of  the  retina,  where  the 
stimulii  are  falling  from  the  less  bright  part,  then  we  have  a 
glare,  but  if  the  bright  light  is  so  far  removed,  that  the  two 
images  do  not  fall  on  the  same  part  of  the  retina  and  the  effect 
of  the  glare  is  nil.  From  the  investigations  of  Mr.  Sweet  it 
was  brought  out  that  if  a  bright  light  is  raised  to  an  angle 
greater  than  26  degrees  from  the  line  of  direct  vision,  then  there 
is  enough  separation  of  the  two  images  on  the  retina  of  the  eye 
so  that  the  glaring  effect  is  nil ;  that  is,  the  stimulii  from  the 
bright  light  do  not  overlap  that  portion  of  the  retina,  where 
the  stimulii  of  the  less  bright  object  fall. 

C.  H.  Sharp : — If  we  look  out  of  the  window  of  a  dark 
room  on  a  moonlight  night,  objects  outside  can  be  seen  clear- 
ly. Now,  let  us  turn  on  light  in  the  room,  and  that  vision  of 
the  outside  object  is  obliterated  instantly.  We  know  the  iris 
does  not  act  as  quickly  as  that.  Something  else  intervenes  be- 
sides the  closing  or  contracting  of  the  eye,   I  think. 

Dr.  Rosa  has  brought  to  our  attention  to-night  a  new  quan- 
tity, termed  ''quantity  of  light  or  surface  integral  of  light," 
and  he  has  shown  how  readily  it  adapts  itself  to  mathematical 
discussions   of  this  character. 

On  one  page  of  the  paper,  mention  is  made  of  the 
spherical  reduction  factor  of  a  short  cylinder.  If  a  short  cyl- 
inder has  a  surface  which  obeys  Lambert's  law,  its  spherical 
reduction  factor  is  0.785.  A  well-known  physicist  and  pho- 
tometrist  in  England  recently  rediscovered  this  ancient  relation, 
and  immediately  made  the  statement  that  on  account  of  this  re- 
lation the  spherical  reduction  factor  of  all  incandescent  lamps 
could  be  taken  for  practical  purposes  as  equal  to  about  0.785. 
That  statement  has  been  repeated  over  and  over  again  in  the 
technical  photometric  literature  in  England.  Now,  it  is  not 
correct.  We  have  lamps  in  this  country  whose  reduction  factor 
is  practically  i,  the  mean  horizontal  and  the  mean  spherical 
candle-power  being  substantially  equal.     This  is  not  practically 
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the  same  thing  as  0.785.  If  we  have  a  lamp  with  a  nari-ow 
hairpin,  the  spherical  reduction  factor  is  about  0.785.  In  the 
case  of  the  oval  anchored  filament  the  reduction  factor  is  equal 
to  0.81,  which  varies  considerably  from  0.785.  For  a  lamp  with 
a  coil  in  the  filament,  the  reduction  factor  may  run  up  to  0.85 
or  0.88  instead  of  0.785. 

In  this  connection  another  curious  fact  occurs,  that  some 
lamps  have  a  smaller  factor  than  0.785 — the  tantalum  lamp, 
for  instance,  shows  a  reduction  factor  as  low  as  0.74,  or  even 
0.7.  This  means  nothing  else  than  that  it  tries  to  agree  with 
Lambert's  cosine  law  and  cannot  do  it.  It  is  a  smooth  metaUic 
surface,  and  the  radiation  at  right  angles  to  the  surface  is  pro- 
portionally much  greater  than  it  is  at  obliciue  angles ;  conse- 
quently   its    reduction    factor    falls    below    the    theoretical    limit 

Nearly  one  hundred  and  fifty  years  ago  Lambert  wrote  a 
set  for  surfaces  which  follow  the  cosine  law. 
book  on  photometry  and  the  measurement  of  light  and  shade. 
Though  originally  written  in  Latin,  the  book  has  been  trans- 
lated into  German.  It  is  a  perfect  mine  of  geometrical  rela- 
tions and  theories  which  are  now  coming  to  the  front  as  being 
of  some  practical  value  in  illuminating  engineering.  We  have 
not  really  got  very  far  beyond  Lambert's  mathematics  in  the 
study  of  the  geometrical  relations  entering  into  light  values. 

B.  B.  Rosa : — The  paragraph  in  the  middle  of  page  492  reads, 
"For  the  purposes  of  definition  and  of  expressing  the  mathe- 
matical relations  involved  in  photometry,  it  is  permissible  to 
confine  ourselves  to  monochroinatic  light,  and  to  consider  K  a 
constant,  although  it  does  in  fact  vary  somewhat  with  the  mag- 
nitude of  the  flux  density.  We  also  assuine  that  all  surfaces 
are  perfectly  diffusing  and  obey  the  cosine  law,  and  that  there 
is  no  absorption  in  the  atmosphere."  Of  course,  the  cosine 
law  is  not  observed  exactly,  and  varies  with  different  substances, 
but  mathematically  we  must  assume  something.  If  we  do  not 
assume  that,  we  could  not  make  any  progress  at  all. 

Dr.  Sharp  in  his  paper  speaks  of  measuring  the  resistance  of 
the  filament  of  the  lamp.  I  would  like  to  say  that  lamps  are 
very  often  sent  to  us  to  be  standardized  that  are  not  seasoned 
properly,  sometimes  because  the  persons  sending  them  have 
no  wav  of  telling  whether  they  arc  seasoned,  and  soinetimes  be- 
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cause  they  do  not  realize  that  they  should  be  seasoned.  We 
formerly  measured  them  before  burning  them,  and  then  burned 
them  a  little  while  and  measured  them  again  to  see  if  the  light 
changed  and  so  judged  whether  they  were  seasoned. 

In  our  recent  practice,  for  the  last  year,  we  have  been  meas- 
uring the  current  and  voltage  by  means  of  accurately  standard- 
ized potentiometers,  and  so  can  tell  in  ten  minutes  if  the  lamps 
are  seasoned.  We  simply  measure  the  current  or  the  voltage 
with  ten  times  the  precision  we  formerly  did  in  photometry,  and 
if  the  resistance  decreases,  we  know  that  they  have  not  been 
properly  seasoned,  or  if  it  increases  considerably  we  know  that 
they  have  burned  too  long.  We  then  reject  them  or  put  them 
on  racks  and  burn  them  for  a  time,  and  measure  them  again. 
When  they  have  been  brought  to  a  point  where  the  resistance 
does  not  change,  we  feel  reasonably  sure  that  they  will  remain 
constant. 

In  our  best  standards,  we  have  been  testing  the  possibility 
of  a  long  life  by  burning  the  lamps  for  a  considerable  period 
and  obtaining  what  is  practically  a  life  curve.  We  have  some 
standards  that  have  been  burned  for  200  hours  after  seasoning 
to  see  how  much  the  candle-power  drops ;  in  other  words  to  see 
how  good  they  would  have  been  if  used  as  standards  long  enough 
to  burn  so  much.  Suppose  a  group  of  lamps  were  used  a  hun- 
dred years  as  reference  standards,  and  they  are  not  burned 
more  than  an  hour  or  two  in  the  course  of  each  year,  how  good 
would  they  be  at  the  end  of  one  hundred  years ;  and  what  are 
the  possibilities  of  maintaining  the  unit  of  light  by  means  of 
carefully  prepared  incandescent  lamps?  We  have  burned  lamps 
at  constant  watts,  (that  is,  as  the  resistance  changes,  the  voltage  is 
changed,  so  that  the  rate  of  supply  of  energies  is  constant)  the 
decrease  in  candle-power  in  one  hundred  hours  amounting  to 
only  a  few  hundredths  of  a  candle.  In  other  words,  the  lamps 
could  have  been  used  as  standards  for  one  hundred  years,  barring 
accidents,   and   still   be   very  good   standards. 
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A  paper  presented  at  a  meeting  of  the  New 
England  Sectio7i  of  the  Ilhiniinating  Engineer- 
ing Society,  Boston,  Mass.,  June.  13,  igio. 

SOME  MATTERS  PERTAINING  TO  ILLUMINATING 

ENGINEERING. 


BY    J.    S.    CODMAN. 


In  the  paper  which  I  gave  before  the  New  England  Section 
last  year^  I  had  in  view  the  object  of  impressing  upon  those 
present  the  value  of  the  "flux-of-light"  method  of  calculating 
illumination  and  also  the  value  of  the  term  "lumen"  as  the  unit 
of  light  flux.  I  did  this  because  I  believed  that  both  the  term 
lumen  and  the  *'flux-of-light"  method  were  going  to  be  used  a 
great  deal  more  extensively  in  the  future.  During  the  last  year, 
the  use  of  the  flux-of-light  method  has  certainly  become  more 
general,  and  if  you  will  refer  to  the  recent  bulletins  of  the  in- 
candescent lamp  manufacturers  you  will  find  that  the  number 
of  lumens  generated  by  a  lamp  is  included  with  other  data. 

A  word  or  two  about  the  term  "lumen,"  to  be  sure  that  we 
understand  what  it  means.  The  easiest  way,  I  think,  to  define 
it,  at  the  present  time,  is  by  means  of  the  term  "foot-candle." 
Four  or  five  years  ago  this  term  also  was  comparatively  un- 
known, but  to-day  I  think  we  all  have  a  fairly  clear  idea  of  what 
"foot-candle"  means  and  know  that  it  is  the  unit  of  illumination. 
The  easiest  way,  perhaps,  to  define  a  lumen  is  to  state  that  it  is 
the  flux-of-light  required  on  a  surface  of  one  square  foot  to 
give  that  surface  an  illumination  of  one  foot-candle.  There  are 
other  ways  of  defining  the  lumen,  but  I  think  this  is  the  simplest. 
Looking  at  the  matter  in  another  way,  we  can  say  that  a  sur- 
face with  an  area  of  one  square  foot  and  receiving  one  lumen 
of  light-flux  has  an  illumination  of  one  foot-candle,  or  one 
lumen  per  square  foot.  This  last  statement  shows  us  that  we 
can  express  illumination  in  terms  of  lumens  per  square  foot  in- 
stead of  in  foot-candles  if  we  wish.  In  many  ways  this  method 
of  expressing  it  gives  a  clearer  idea  of  what  illumination  is. 

The  diagram  Fig.  i,  is  frequently  used  to  demonstrate  the 
law  of  inverse  squares.     By  means  of  the  flux-of-light  method  we 

1  Transactions  of  I.  P).  S.,  April,  igog. 
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can  also  explain  the  law  of  inverse  squares  with  this  same  dia- 
gram, which  is  supposed  to  represent  the  flux  of  light  coming 
from  a  point  light  source,  and  falling  on  surfaces  at  different 
distances.  If  we  suppose  that  this  flux  of  light  is,  for  example, 
9  lumens,  and  that  the  area  of  the  nearest  surface  is  one  square 
foot,  we  see  that  the  illumination  of  this  surface  must  be  9 
lumens  per   square   foot,   or  9   foot-candles.     The   next   surface 


Fig.  I. 

is  twice  as  far  away  from  the  light  source,  but  it  still  intercepts 
the  9  lumens  of  flux.  Its  area,  however,  is  four  times  as  great 
as  the  area  of  the  nearest  surface,  and  its  illumination  is  9 
lumens  of  flux  received,  divided  by  its  area,  4  square  feet,  and 
is  consequently  2]/^  foot-candles  or  2^  lumens  per  square  foot. 
You  will  see,  since  the  illumination  of  the  nearest  surfaces  is  9 
foot-candles  and  of  the  second  2^,  that  the  illumination  of  the 
second  surface  is  one-fourth  that  of  the  first  surface  while  the 
distance  is  twice  as  great ;  in  other  words,  the  illumination  is 
inversely  proportional  to  the  square  of  the  distance.  Finally 
on  the  last  surface  we  have  9  squares  covered  by  the  flux ;  that 
is,  we  have  9  square  feet  receiving  9  lumens  which  gives  us 
one  foot-candle. 

Those  who  are  familiar  with  the  law  of  inverse  squares  some- 
times feel  that  if  a  light  source  is  raised  high  above  the  plane 
w^hich  it  is  illuminating,  the  illumination  will  necessarily  fall. 
This  is  undoubtedly  true  if  no  change  be  made  in  the  equipment 
of  the  light  source.  Suppose,  for  example,  that  we  have  a  lamp 
at  the  point  P  in  the  diagram.  Fig.  2,  and  underneath,  to  be  il- 
luminated, a  circular  surface  of  which  the  diameter  is  A  B  ;  that 
the  flux  from  the  lamp  is  passing  out  through  the  angle  A  P  B 
represented  here  and  that  this  flux  is  entirely  intercepted  by  the 
surface  as  shown.  We  then  have  a  certain  definite  illumination 
which    is   the   number   of   lumens   produced   through   this   angle. 
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divided  by  the  area  of  the  surface.  Suppose  now  we  raise  tne 
light  source  to  a  point  P'  without  making  any  other  change. 
The  flux,  of  course,  goes  through  the  same  angle,  and  evi- 
dently a  large  portion  of  it  never  reaches  the  surface  at  all. 
By  equipping  the  lamp,  however,  with  the  proper  reflector,  we 


A^ ^B 

Fig.  2. 

can  crowd  the  flux  into  a  smaller  angle  and  maintain  the  same 
illumination  on  the  surface.  It  is  assumed  in  the  diagram  that 
the  flux  has  been  contracted  by  means  of  some  reflector  into  the 
angle  indicated  by  the  dotted  lines,  and  since  there  is  now  the 
same  flux  on  the  surface  as  before,  the  illumination  must  be  the 
same  in  spite  of  the  fact  that  we  have  raised  the  lamp.  It  is 
perfectly  possible,  if  proper  reflectors  are  used,  to  put  the  light 
source  very  high  above  the  surface  to  be  illuminated.  It  is 
simply  a  question  of  squeezing  the  flux  into  a  narrow  angle 
rather  than  allowing  it  to  escape  through  a  wide  angle. 

Table  I,  is  intended  to  give  an  idea  of  the  effective  flux  of 

TABLE  I. 

Flvjx  of  I/ight  Per  cent,  increase 

in  lumens  over  bare  lamps 

Source  of  light  0-60°  0-30°  0-10°  0-60°  0-30°  0-10° 

Bare  loo-watt  Mazda 136  25         2 

Extensive  reflector 300  69        6  121  176  200 

Intensive  reflector 325  103  12  139  312  500 

Focusing  reflector    374  172  25  175  590  1150 

Concentrating  reflector  ..  388  219  56  185  780  2700 
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different  types  of  reflectors,  and  to  show  how  the  flux  can  be 
crowded  into  a  small  angle  or  zone.  With  a  bare  lOO-watt 
Mazda  lamp,  we  find  the  flux  through  the  zone  determined  by 
the  angles  o  and  lo  degrees  with  the  vertical  is  only  2  lumens ; 
by  o  antl  30  degrees  is  25 ;  by  o  and  60  degrees  is  136.  If 
we  compare  this  with  the  same  lamp  equipped  with  different  re- 
flectors, we  shall  see  very  clearly  why  reflectors  are  so  valuable. 

Consider  first  the  flux  between  o  and  60  degrees.  The  bare 
lamp  gives  136  lumens.  If  we  look  at  the  figures  for  this  lamp 
equipped  with  four  different  types  of  reflectors,  we  find  the 
lumens  through  the  zone  between  o  and  60  degrees  run  from 
300  to  388,  an  increase  of  from  121  to  185  per  cent.  With 
still  smaller  zones  the  percentage  gain  with  reflectors  is  even 
greater.  Through  a  zone  determined  by  the  angles  o  and  10 
degrees  with  the  vertical,  the  bare  lamp  gives  only  2  lumens; 
with  the  concentrating  reflector  it  gives  56  lumens,  an  increase 
of  2,700  per  cent.  I  think  this  shows  plainly  why  concentrat- 
ing reflectors  are  so  effective. 

But  we  must  not  be  led  by  this  table  into  the  error  of  assum- 
ing that  because  the  concentrating  type  of  reflector  gives  the 
largest  flux  through  all  the  angles  shown,  it  necessarily  follows 
that  it  should  be  used  in  preference  to  the  other  reflectors  in  all 
cases  where  the  light  is  desired  through  these  angles.  It  should 
be  remembered  that  the  uniformity  of  the  illumination  is  some- 
times of  the  greatest  importance,  and  that  in  many  cases  it 
will  be  found  that  the  more  concentrating  reflectors  will  give  too 
great  illumination  at  and  near  the  center  of  the  field,  as  com- 
pared with  the  illumination  at  the  portions  of  the  field  more 
distant   from  the  center. 

Table  II  shows  the  easiest  way  to  get  an  idea  of  what  particular 

TABLE  II. 

Ivumens  effective  per  watt 

lyumens  , ' , 

generated  I^iRht  ceiling    Light  ceiling 

per  lyight  walls       Dark  walls 

I,amp  watt  60 '^  50^ 

Mazda 8  4.8  4 

Tantalum 5.5  3.3  2.75 

Gem 4  2.4  2 

Carbon 3.5  2.1  1.75 

lamps  can  be  expected  to  accomplish.  After  all,  the  first  thing 
we  want  to  know  about  a  lamp  of  any  type  is  how  much  light 
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it  gives,  and  we  do  not  primarily  want  to  know  what  is  its  maxi- 
mum or  downward  candle-power,  nor  what  is  its  mean  lower 
hemispherical  candle-power.  What  we  first  need  to  know  is  the 
total  flux  generated  and  we  can  express  this  in  mean  spherical 
candle-power  or  in  lumens,  which  ever  we  desire.  In  regard  to 
the  rating  of  lamps,  Dr.  Steinmetz's  book^  expresses  the  matter 
so  tersely  that  I  think  it  well  w^orth  quoting.     He  says : 

Photoiiietrically  and  in  illuminating  engineering,  only  the  mean  spherical 
intensity,  which  represents  the  total  flux  of  light,  and  the  distribution 
curve,  which  represents  the  distribution  of  this  light  in  space,  are  impor- 
tant. Downward  and  maximum  candle-power  obviously  have  no  meaning 
regarding  the  light  flux  of  the  lamp,  but  merely  represent  a  particular 
feature  of  the  distribution  curve.  Hemispherical  candle-power  is  used  to 
some  extent.  It  is  a  mixture  between  light  flux  and  distribution,  and  as  it 
gives  no  information  on  the  total  light  flux  nor  on  the  actual  distribution 
curve,  and  may  mislead  to  attribute  to  the  lamp  a  greater  light  flux  than  it 
possesses,  by  mistaking  it  for  mean  spherical  candle-power,  it  has  no  ex- 
cuse for  existence  and  should  not  be  used. 

The  table  shows  the  number  of  Itimens  generated  per  watt  by 
difTferent  types  of  incandescent  lamp  and  is  not  difficult  to  re- 
member. It  is  not  worth  while  to  try  to  remember  that  a  100- 
watt  tungsten  lamp  generates  so  many  lumens,  or  that  a  40-watt 
tantalum  lamp  generates  another  definite  number.  The  easiest 
way  is  to  remember  the  number  of  lumens  per  watt  produced 
by  the  type  of  lamp,  and  to  obtain  the  actual  lumens  by 
multiplying  this  figure  by  the  watts  taken.  Now  the  Mazda 
lamps  generate  about  8  lumens  per  watt.  This  figure  is  well 
worth  carrying  in  mind.  It  will  tell  us  what  we  can  expect  to 
accomplish  with  this  type  of  lamp. 

There  are  some  types  of  illuminant  of  which  photometric 
curves  cannot  be  made,  on  account  of  the  fact  that  the  light  is 
unsymmetrically  distributed,  such  lamps  for  example  as  the  Moore 
tube  and  the  mercury-vapor  arc.  The  only  way  the  light  of 
these  lamps  can  be  compared  with  incandescent  lamps  is  by 
ascertaining  the  total  flux  and  the  number  of  watts  required  to 
produce  it.  The  fact  was  recently  brought  out  that  the  Moore 
tube  generated  5  lumens  per  watt ;  or,  in  other  words,  that  the 
Moore  tube  had  an  efficiency  slightly  lower  than  that  of  the 
tantalum  lamp.     The  mercury-vapor  lamp,  assuming  as  correct 

1  Radiation,  Ivight  and  Illumination,  pp.  184.  185. 
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the  mean  candle-power  values  given  in  tlie  manufacturer's  bulle- 
tins, generates  about  1 1  lumens  per  watt. 

If  we  can  carry  the  above  figures  for  total  flux  per  watt  in 
mind  we  have  something  valuable  in  practical  work.  The  next 
step  is  to  remember  about  wdiat  proportion  of  the  flux  generated 
we  may  expect  to  have  effective  on  the  plane  of  illumination. 
The  Mazda  lamp  is  said  by  one  manufacturing  company  to  give 
about  5  lumens  effective  per  watt  with  light  ceilings  and  light 
walls,  and  4  lumens  effective  per  watt  with  light  ceilings  and 
dark  walls. 

Table  II  gives  in  per  cent,  of  flux  generated  the  proportion 
effective  and  the  actual  lumens  efifective  per  watt  derived  from 
these  percentages.  If,  however,  we  can  remember  the  num- 
ber of  lumens  per  w^att  given  by  the  lamp  and  in  addition 
these  percentages,  we  can  calculate  all  the  rest  very  easily.  Take 
for  instance  the  metallized  filament  lamp  with  light  ceilings 
and  light  walls.  All  we  have  to  remember  is  that  this  lamp 
gives  4  lumens  per  watt  and  that  the  percentage  effective  for 
light  ceilings  and  light  w^alls  is  60.  These  percentages  are 
given  on  the  assumption  that  the  installation  is  correctly  laid 
out.     If  incorrectly  laid  out,  we  shall  not  get  such  good  results. 

Last  year  I  took  up  the  methods  of  ascertaining  the  flux  of 
any  light  source  from  its  photometric  curve,  and  described  the 
methods  w^hich  at  that  time  were  of  principal  practical  value. 
Since  then  there  has  been  progress.  Again  I  shall  describe  the 
methods  most  useful  in  practical  work.  They  are  all  of  them 
really  approximate  methods,  but  they  are,  nevertheless,  suffi- 
ciently accurate.  One  method  which  I  described  last  year  was 
the  ''selected  angle"  method  which  was  first  described  by  Mr. 
]\Iacbeth.^  This  is  one  of  the  simplest  means  of  obtaining  mean 
spherical  or  mean  hemispherical  candle-power  from  the  photo- 
metric curve.  The  idea  is  to  make  for  each  hemisphere,  ten 
special  readings  of  the  candle-power  from  the  curve :  add  them 
together,  and  divide  by  ten.  The  result  is  the  mean  upper  or 
mean  lower  hemis])herical  candle-power,  as  the  case  may  be. 
The  vital  point  of  the  method  is  that  you  have  to  choose  the 
correct  ten  angles.  It  is  a  very  simple  system  but  it,  of  course, 
requires   remembering   what   the   ten    angles   are.     Where   much 

1  Illuminating  Engineer,  March.   1908. 
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calculation  of  flux  of  a  routine  character  is  done  by  this  method, 
a  celluloid  protractor  is  generally  used,  upon  which  the  special 
angles  are  marked  off.  Mr.  Macbeth,  however,  has  gone  further 
than  this  and  has  published  special  photometric  paper,  on  which 
at  the  proper  angles,  dotted  lines  are  drawn.  With  this  paper, 
after  the  curve  has  been  plotted,  all  you  have  to  do  is  to  read 
off  the  candle-power  at  the  special  angles,  add  up  the  values  and 
divide  by  ten. 

Mr.  Wohlauer,  the  inventor  of  ''fluxolite"  paper  has  shown^ 
that  the  flux  through  any  zone  of  the  sphere  is  directly  pro- 
portional to  the  distance  from  the  vertical  to  the  point  on 
the  photometric  curve  at  the  middle  of  the  zone,  and  the  idea 
of  his  ''fluxolite"  paper  consists  in  superimposing  certain  lines 
on  an  ordinary  polar  diagram  by  means  of  which  lines  it  is  easy 
to  read  off  these  distances  directly  in  lumens.  I  have  a  sample 
of  this  paper  here  and  also  a  sample  of  Macbeth's  paper. 

One  disadvantage  of  the  "fluxolite"  paper  method  is  that  it 
necessitates  the  plotting  of  curves  on  special  paper,  and  in  ad- 
dition the  extra  lines  obscure  the  diagram  and  make  it  hard  to 
read.  A  way  of  getting  around  the  difficulty  is  to  use  the  ordi- 
nary polar  diagram  and  to  measure  the  distances  proportional 
to  flux,  by  means  of  some  scale.  For  instance,  if  you  are  making 
the  measurements  on  a  number  of  photometric  curves  of  which 
the  candle-power  divisions  are  the  same,  you  can  make  a  scale 
which  will  read  directly  in  lumens.^ 

When,  however,  there  are  no  appliances  at  hand,  no  celluloid 
scales,  nor  special  diagrams,  etc.,  the  simplest  way  to  ascertain 
the  flux  for  any  zone  from  a  photometric  curve  is,  in  my  opinion, 
to  take  a  sheet  of  paper  or  a  card  and  mark  on  the  edge  a  zero 
point.  Put  this  zero  point  on  the  vertical  line  of  the  diagram 
and  mark  off  along  the  edge  of  the  paper  or  card  the  distance 
from  the  vertical  line  to  the  point  of  the  curve  at  the  middle 
of  the  zone,  and  then  measure  this  distance  in  the  candle-power 
divisions  of  the  polar  diagram.  If  you  multiply  the  result  by 
a  constant,  which  for  10  degree  zones  is  1.095^,  you  have  the 
flux  in  lumens. 

For  instance,  if  we  take  the  distance  from  the  vertical  to  the 

1  Illumtnating  Eitgrneey,  February,  1909. 

2  Codtnan  and  Rolph,  lUiiminating  Engineer^  May,  1909. 
'■'•  Codnian  and  Rolph,  Illuminating  Engineer,  Maj',  1909. 
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point  of  the  curve  at  15  degrees,  we  have  a  measure  of  the  flux 
between  10  and  20  degrees.  If  we  want  to  get  the  total  flux 
from  zero  to  20  degrees,  w^e  can  do  so  b}-  adding  together  the 
vahies  for  the  zones,  zero  to  10,  10  to  20.  Another  way  of 
accomphshing  this  last  result,  wdien  we  want  simply  the  total 
flux  and  do  not  care  for  the  division  of  it,  is  to  take  a  piece  of 
string,  put  the  end  down  on  the  vertical,  lay  off  the  distance 
to  the  5  degree  point  of  the  curve,  place  the  point  of  the  string 
so  found  on  the  vertical,  and  lay  off  the  distance  to  the  15  degree 
point,  and  so  on.  The  final  length  of  the  string  will  be  pro- 
portional to  the  total  flux.  To  ascertain  the  flux  in  lumens, 
measure  the  string  in  terms  of  candle-power  and  multiply  by 
1.095,  or  for  rough  work,  add  10  per  cent. 

There  is  still  another  method  of  calculating  flux,  especially 
when  it  is  desired  to  make  permanent  records  of  all  zonal 
values.     This  method  will  be  understood  from  Table  III.     In  the 


TABLE  III. 

Angle 

Candle-power 

Constant 

Zone 

5 

0.0954 

O-IO 

15 

0.283 

10-20 

25 

0.463 

20-30 

35 

0.628 

30-40 

45 

0.774 

40-50 

55 

0.897 

50-60 

65 

0.992 

60-70 

75 

1.058 

70-80 

85 

I.09T 

80-90 

Lnmens 


first  column  are  the  angles  with  the  vertical.  The  second, 
headed  ''candle-power,"  is  left  blank,  and  is  to  be  filled  in  with 
the  corresponding  values  of  the  candle-power.  In  the  fifth  col- 
umn are  to  be  placed  the  values  for  the  lumens  corresponding 
to  the  zones  indicated  by  the  fourth  column,  and  these  values 
for  the  lumens  are  found  by  multiplying  the  candle-power  values 
opposite  by  the  constants  in  the  third  colimm.  A  supply  of 
sheets,  each  with  such  a  table,  can  be  printed  containing  the 
angle  values  and  the  constants,  and  the  other  values  can  be 
filled  in,  for  different  light  sources.  If  duplicate  sheets  are  de- 
sired,  blue    prints   can    be    made. 
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DISCUSSION. 

H.  B.  Clijford : — I  wish  to  add  a  word  to  the  emphasis  which 
]\Ir.  Codmaii  has  laid  on  doing  away  with  everything  except 
the  mean  spherical  candle-power.  I  was  much  disappointed  in 
reading  the  latest  book  on  this  subject,  to  find  that  in  regard  to 
the  various  light  sources  intended  for  street  illumination  the 
tabulation  is  given  in  mean  lower  hemispherical  candle-power. 
This  is  an  absolutely  misleading  factor,  as  Steinmetz  and  Cod- 
man  have  both  pointed  out,  and  it  seems  to  me  that  the  time 
has  arrived  when  mean  spherical  candle-power  (or  lumens  or 
light  flux)  is  the  one  factor  which  really  gives  us  any  indica- 
tion whatsoever  of  the  value  of  the  source  of  light  for  illumi- 
nation  purposes. 

I  am-  interested  in  Codman's  string  method.  I  have  used 
a  somewhat  similar  method  with  a  sliding  scale,  and  I  find  that 
you  can  read  ofif  the  mean  spherical  candle-power  or  flux-of- 
light  in  lumens  in  almost  no  time  at  all.  With  a  celluloid  sliding 
scale,  you  can  find  the  flux  in  a  very  simple  manner  indeed. 
Those  of  you  who  have  followed  the  methods  of  finding  the  flux 
of  light  know  it  started  with  the  Rousseau  diagram.  Then 
Kennelly  had  the  straight  edge  and  the  compass ;  then  Mac- 
betli's  method  came,  and  now  this  method  of  Wohlauer  is  the 
simplest. 

/.  S.  Codman : — One  thing  more.  When  photometric  tests 
are  made,  if  the  readings  are  made  at  the  angles,  5,  15,  25,  35, 
etc.,  we  can  get  all  our  flux  values  allowed  for  in  the  last  table 
directly  from  the  test  values  of  candle-power  by  inserting  these 
test  values  in  the  candle-power  column  opposite  the  proper 
angles  and  then  multiplying  them  by  our  constants.  In  this  case 
we  do  not  have  to  draw  any  photometric  curve,  and  we  gain  both 
in  rapidity  and  accuracy.  The  principal  use  of  the  photometric 
curve  is,  after  all,  to  get  a  picture  of  the  light  distribution,  but 
in  a  good  many  cases  this  picture  is  not  required  and  when  such 
is  the  case  we  can,  with  the  above  given  method,  dispense  with 
the  photometric  curve   altogether. 
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STREET  ILLUMINATION 


BY    C.    O.    BA*KER. 


Ever  since  its  introduction  the  arc  lamp  has  been  the  standard 
unit  for  street  iUuniination,  except  for  parks,  boulevards  and 
thickly  wooded  residence  districts  where  local  conditions  and 
a  sentiment  against  overhead  wires  and  fixtures  demanded  a 
small  unit.  In  such  localities  the  economy  of  oil,  gas  and 
naphtha  lamps  enabled  these  units  to  maintain  a  substantial 
footing.  Where  the  units  were  not  closely  spaced  or  where  they 
could  be  operated  in  series  with  arc  lamps  to  fill  in  intervenmg 
dark  spaces  the  use  of  carbon  lamps  increased  to  some  extent, 
but  outside  of  the  New  England  States  up  to  three  years  ago 
carbon  lamps  were  regarded  more  in  the  light  of  a  makeshift  for 
an  impecunious  municipality  than  as  a  serious  factor  in  street 
illumination. 

The  low  efficiency  of  carbon  lamps  and  even  ''Gem"  lamps 
restricted  their  size,  z|0-watt  lamps  appearing  to  be  the  standard. 
The  tungsten  lamps  placed  on  the  market  later  were  used 
cautiously  at  first  to  replace  carbon  lamps  of  the  same  horizontal 
candle-power  measurements.  Then  the  possibilities  of  tungsten 
lamps  for  street  lighting  became  apparent  and  a  hitherto  ne- 
glected branch  of  engineering  suggested  many  new  adaptations 
of  the  incandescent  lamp  until  now  street  lighting  with  this  unit 
has  become  a  prominent  and  profitable  source  of  central  station 
revenue.  Nor  is  the  use  of  tungsten  lamps  restricted  to  thd 
smaller  units :  75-watt  lamps  began  to  replace  40-watt  lamps 
and  lOO-watt  lamps  are  now  in  extensive  use,  while  250-watt 
lamps  are  replacing  arc  lamps  hung  high  above  the  plane. 
Recently  the  writer  had  occasion  to  figure  on  an  installation  for 
which  500-watt  lamps  were  specified. 

The  argument  at  first  advanced  in  favor  of  tungsten  lamps 
was  that  with  an  efficiency  approximating  that  of  the  arc,  small 
units  could  be  used  nearer  the  plane  and  closer  together  to  give 
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a  more  imiforin  distribution  of  li^'ht  without  a  great,  if  any  in- 
crease in  operating-  expenses,  wiiile  the  areas  darkened  by  out- 
ao-es  would  be  minimized.  Now,  however,  the  so-called  "Mazda" 
lamp  is  offered  as  another  competitor  of  the  arc  for  this  work. 

A  divided  opinion  exists  on  the  subject  of  effective  street 
illumination.  The  merchants  of  some  of  the  enterprising  West- 
ern towns  have  organized  to  maintain  quite  elaborate  lighting 
systems.  It  has  seemed  to  the  writer,  however,  that  the  "Great 
White  Way"  idea,  while  admirable  in  its  intent  and  especially 
happy  as  a  source  of  income  to  the  station  operator  and  the  lamp 
manufacturer,  except  as  a  drawing  card  during  a  county  fair, 
or  a  presidential  visit,  has  little  to  commend  it  at  night  from 
an  artistic  standpoint.  Moreover,  the  unsightly  appearance  of 
the  construction  by  daylight  is  far  from  the  "City  Beautiful" 
idea,  which  demands  the  removal  of  light  and  telephone  wires 
and  poles  and  limits  the  projection  of  electric  signs. 

Also,  the  writer  believes  that  there  can  be  no  question  that 
any  intense  illumination  of  the  streets  must  detract  from  the 
w'indow  displays,  a  fact  that  merchants  must  deplore,  having 
in  mind  the  potential  value  of  their  show-windows  for  ad- 
vertising  purposes. 

The  merchants  of  some  towns  liave  subscribed  for  attractive 
standards  placed  along  their  principle  streets  with  one  or  a 
number  of  lamps  mounted  in  opal,  ground,  or  prismatic  glass 
globes.  The  effect  of  this  arrangement  is  excellent  and  quite 
worthy  of  the  enterprise  it  suggests. 

The  parks,  boulevards  and  some  of  the  more  important  resi- 
dence streets  of  large  cities  are  now  being  lighted  by  "Mazda" 
units  in  place  of  gas  or  gasoline  units,  the  conventional  lamp 
post  fixtures  having  been  little  improved  as  far  as  efficiency  is 
concerned.  A  considerable  installation  of  these  is  being  made 
along  the  Charles  River  Basin  in  Boston,  while  Central  and 
Prospect  Parks  and  Riverside  Drive  in  Xew  York  are  similariiy 
ligfhted.  To  maintain  a  harmonious  outline  however,  fixtures  of 
this  type  cannot  be  of  sufficient  diameter  to  permit  the  intro- 
duction of  a  reflector  large  enough  to  be  of  much  practical 
benefit. 

This  class  of  work  can  all  be  regarded  as  decorative  lighting 


BAKKR:       street     IIvI^UMINATlON  519 

somewhat  outside  the  work  of  the  ilkiminating  engineer.  Lamps 
are  placed  at  convenient  intervals  without  regard  to  foot  candles 
at  the  plane.  Certain  difficult  problems  in  electrical  construction 
are  worked  out  by  the  electrical  engineer,  but  the  cost  is  seldom 
computed  in  any  terms  of  lumens  per  watt  or  watts  per  foot 
candle. 

In  regard  to  economical  street  lighting,  however,  the  situa- 
tion is  different.  Fcrmerly,  when  the  energy  consumption  per 
unit  was  high,  little  attention  was  paid  to  accessories.  When 
it  was  found  that  by  using  tungsten  lamps  this  energy  con- 
sumption could  be  decreased  50,  60  or  perhaps  even  75  per  cent, 
there  appeared  to  be  something  further  in  this  question  of 
economical  distribution  of  light,  and  accessories  were  designed 
to  effect  it.  It  would  seem  however,  that  the  idea  that  money 
can  be  saved  by  the  use  of  suitable  reflectors,  is  not  yet  fully 
appreciated,  judging  by  the  number  of  old  style  fixtures  which 
are  still  being  bought  and  even  specified  by  those  considered 
competent  to  draw  up  otherwise  carefully  worked  out  specifica- 
tions. 

When  incandescent  street  lighting  fixtures  are  considered 
many  no  doubt  have  in  mind  the  old  type  standard  fixture  with 
a  14  in.  hood  and  convex  deflector,  which  serves  as  little  else 
than  a  housing  for  the  socket  and  a  protection  to  the  lamp 
against  falling  sleet  and  snow.  Thoug'h  some  may  realize  this, 
they  may  not  have  figured  out  the  exact  economy  of  some  of  the 
later  types  of  street  fixtures ;  for  example,  fluted  reflectors  of 
porcelain  enameled  steel  supported  by  protecting  hoods  of  gal- 
vanized iron  with  high  tension  mica  insulators,  etc.,  which 
cost,  say  50  per  cent,  more  than  the  kind  formerly  used.  In 
order  to  place  matters  on  a  comparative  basis,  the  following 
figures  are  given. 

Let  us  consider  the  40-c-p.  (50-watt)  Mazda  lamp,  for  ex- 
ample, as  this  is  used  more  generally  under  the  old  style  14  m. 
convex  deflector.  This  arrangement  is  designated  I'^nit  C  in  con- 
tradistinction to  the  18  in.  flat-fluted  reflector  of  modern  type, 
designated  as  L^nit   JV. 

Fig.  I  shows  the  position  of  the  lamp  under  deflector  C.  It 
will  be  noted  that  no  light  radiating  from  the  center  of  the  bare 
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lami)  is  intercepted  by  this  deflector  below  an  angle  of  135 
degrees.  The  total  flux  density  of  a  50-watt  series  Mazda  lamp 
is  395  lumens.  Within  a  zone  above  135  degrees  are  24  lumens, 
just  6  per  cent,  of  the  total  lumens  available  for  diversion  to 
a  useful  direction  by  reflector  C. 

If  the  18  in.  ilat-fluted  reflector  IV  were  placed  on  a  level 
with  the  bead  on  the  socket  skirt  (the  most  practical  position), 
light  radiating  froi  1  the  center  of  the  lamp  would  be  intercepted 
at  TIG  degrees.  vVithin  a  zone  above  no  degrefcs  are  Sy 
lumens  or  22  oei  cent,  of  the  total  flux  available  for  purposes 
of  reflection.     J  *  ^nce  Unit   IV  intercepts   3   2/3   times  as  much 
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Fig.  I. 

light  as  Unit  C  and  Y,\  being  flat  diverts  the  light  outwards  and 
downwards  below  tlie  horizontal,  where  it  can  all  be  used  for 
street  illumination. 

It  has  been  the  practice  to  hang  the  older  type  fixtures  (Unit 
C)  14  to  16  feet  above  the  street  level,  at  which  height  the 
light  radiating  above  80  degrees  towards  the  street  would  meet 
the  plane,  if  at  all,  too  far  away  (at  80  degrees  14  ft.  high  =: 
79><  ft.  distance;  16  ft.  high  =  9154  ft.  distance)  to  give  any 
appreciable  intensity  in  foot  candles  at  the  plane.  Hence  for 
our  purposes  we  need  consider  only  the  flux  density  within  .1 
zone  below  80  degrees. 

Fig.  2  shows  the  distribution  (curve  L)  around  a  bare 
50-watt  ^^lazda  lam]:),  (curve  C)  Unit  C,  and  (curve  TF)  around 
Unit  ]V .     The  total  zonular  flux  below  80  degress  in  a  bare  50- 
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watt  Mazda  lamp  is  176  lumens,  that  of  Unit  C  192  lumens  and 
Unit  W  236  lumens.  Then,  as  reflector  C  increases  the  zonular 
flux  16  lumens  or  9  per  cent,  and  reflector  IV  increases  it  60 
lumens  or  34  per  cent.  Unit  JV  increases  the  useful  light  of  the 
bare  lamp  25  per  cent,  more  than  Unit  C.  A  practical  applica- 
tion of  these  data  may  be  of  interest. 

Let  us  assume  that  a  station  with  a  thousand  40-c-p.    (100- 
watt)    Gem   lamps   in   circuit   under   C  reflectors   replaces   these 
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Fig.  2. 

with  40-c-p.  (50-watt)  Alazda  lamps.  On  a  2,000  hour  schedule 
with  a  current  cost  of  Yi  cent  per  kw.,  an  annual  saving  of 
$500.00  is  effected  in  the  cost  of  energy  alone,  with  a  surplus 
output  of  100,000  kw.  from  the  same  generating  apparatus 
which  can  be  devoted  to  some  other  source  of  revenue.  This 
sounds  like  twentieth  century  progress,  but  there  is  more  in 
sight.  When  the  station  operator  contracted  for  40-c-p.  lamps 
under  reflector  C,  he  was  giving  his  customer  a  unit  with  ap- 
proximately 37  ]\r.   Z.   C.   within  80  degrees.     Presumably,  this 
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was  satisfactory.  Xow,  if  by  using  reflector  W  he  increases 
tliis  M.  Z.  C.  25  ]vr  cent,  over  that  with  Unit  C,  he  will  bo 
o-iving  an  unnecessarily  good  measure.  Consequently,  he  may- 
replace  Unit  C^  with  the  reflector  JV  over  a  32-c-p.  (40-watt'» 
Mazda  lamp  giving  api)roximately  the  illumination  he  contracted 
for  and  effecting  a  further  saving  of  $100.00  per  year.  Perhaps 
an  operator  with  a  new  equipment  of  reflectors  C  will  not  see 
where  he  can  i)rofitably  scrap  this  and  buy  a  new  outfit,  but 
an  operator  with  a  new  equipment  of  reflectors  C  will  not  see 
$100.00  a  year  capitalized  at  6  per  cent,  would  mean  an  invest- 
ment of  $1,667.00,  which  a  new  station  can  add  to  its  previous 
appropriation  for  reflector  C  (which  it  may  have  considered 
buying)  with  a  certainty  of  a  net  earning  of  6  per  cent,  and  the 
added  satisfaction  of  having  the  latest  equipment. 

Tn  the  course  of  the  writers  regular  duties  he  is  frequently 
asked  why  the  Alaza  lamp  is  to  be  preferred  to  the  arc  lamp  for 
street  lighting,  and  he  endeavors  to  answer  it  by  regarding  the 
intrinsic  brilliancy  of  the  unit  to  the  exclusion  of  its  nature, 
since  we  are  dealing  ])rimarily  with  effects.  The  prime  requisite 
of  illumination  for  any  purpose  is  uniformity,  and  in  street 
lio-hting  this  illumination  need  not  be  intense  if  we  can  eliminate 
contrasting  zones  of  brightness  and  comparative  darkness, 
^lazda  lamps  of  a  candle-i)ower  equal  to  that  of  arc  lamps 
would  be  as  objectionable  as  the  latter  for  general  purposes. 
The  special  purpose  of  the  ]\Iazda  lamp  is  to  afford  a  high 
efficiency  low  candle-powder  unit  which  by  frequent  spacing 
near  the  plane  w-ill  give  a  greater  uniformity  in  illumination 
than  it  is  possible  with  larger  units  placed  higher  and  at  greater 
mtervals. 

Furthermore,  it  is  necessary  to  ])lacc  light  sources  of  high 
intensity  above  the  line  of  vision  to  avoid  a  dazzling  fatiguing 
effect  on  the  eye.  Smaller  units  can  be  placed  sixteen  feet 
above  the  street  level  to  clear  high  loads  and  overhanging 
foliage,  or  as  low  as  twelve  feet  in  strictly  residential  districts. 

As  a  comparison  of  the  lighting  values  of  the  two  units  a 
table  of  measurements,  given  by  Mr.  Walter  Allen  in  his  paper 
read  before  the  New  York  section  last  year,  can  be  used  to 
advantage. 

Direct-current.    6.6    ami)ere    enclosed    arc    lamps    were    spaced 
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400  ft.  apart,  21  ft.  above  the  street  level.  Measurements  were 
taken  over  a  distance  200  feet  each  side  of  the  lamps,  about  14 
ft.  out  from  the  lamp  line.  These  gave  a  maximum  of  0.185, 
a  minimum  of  0.003,  ^'^^  ^11  average  of  0.0475  ^^^^  candles.  If 
three  lOO-watt  Mazda  lamps  under  retiectors  IV  were  placed 
150  ft.  apart  and  12  ft.  high,  they  would  cover  about  the  same 
distance.  A  table  of  measurements  under  these  conditions  gives 
a  maximum  of  0.205,  a  minimum  of  0.006,  and  an  average  of 
0.063  foot-candles,  all  higher,  it  will  be  noted,  than  the  measure- 
ments from  the  arc,  with  less  variation  from  the  mean. 

The  writer  is  frequently  asked  for  a  standard  of  intensity 
for  street  illumination.  One  authority  has  said  that  for  resi- 
dence streets,  illumination  should  be  kept  above  0.004  foot-candles. 
This  is  probably  about  right,  although  I  am  sure  many  of  those 
present  live  in  suburbs  around  Boston  which  are  considered 
sufficiently  well  lighted,  but  where  75-watt  lamps  are  placed  on 
each  alternate  service  pole  about  220  ft.  apart,  when  of  course, 
no  such  illumination  as  0.004  foot  candles  is  anticipated. 

In  Mr.  Allen's  paper,  however,  he  characterizes  an  installation 
where  40-c-p.  tungsten  lamps  are  hung  16  ft.  high  on  trolley 
poles  100  ft.  apart,  as  being  far  more  pleasing  and  eiTective 
than  that  with  the  arc  lamps  spaced  as  already  stated. 

In  conclusion,  it  may  be  said  that  for  street  lighting  purposes 
fixtures  are  required  with  effective  reflectors,  preferably  flat- 
fluted  for  a  wide  and  even  distribution,  porcelain  enameled  for 
permanence  of  the  reflecting  surface,  neither  more  nor  less  than 
18  in.  in  diameter  for  units  up  to  lOO-watts,  so  as  to  offer  a 
minimum  of  surface  to  wind  stress,  and  protected  against  the 
lodgment  of  snow  and  sleet  by  a  hood  with  a  smooth  rounded 
surface,  rigidly  secured  to  a  bracket,  with  a  high  tension  insulat- 
ing joint,  preferably  mica  for  the  sake  of  appearance,  and  not 
extending  out  beyond  four  feet  from  the  curb.  The  sheet  metal 
parts  should  be  heavily  galvanized  before  painting  and  where 
the  fixtures  are  to  be  used  in  exposed  locations  along  the  coa^t, 
the  brackets  and  cast  metal  parts  may  also  be  galvanized.  The 
galvanizing  of  the  steel  hoods  is  sufficient  to  insure  their  per- 
manence and  the  expense  of  copper  hoods  is  quite  unnecessary 
if  the  galvanizing  of  the  steel  is  well  done  after  the  metal  is 
formed. 
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DISCUSSION. 

Mr.  Foster: — In  surburban  lighting  the  greater  part  of  the 
light  is  within  25  ft.  of  the  source,  while  further  off  it  is  dark. 
An  example  of  this  may  be  found  here  in  Boston,  I  would  like 
to  ask  if  the  author  can  suggest  any  way  to  overcome  that  very 
obvious  weakness.  So  far  as  I  can  see  where  the  light  is  up  as 
high  as  mentioned,  the  people  on  the  street  get  very  little  light 
except  for  a  few  feet. 

Mr.  C.  O.  Baker: — I  have  had  that  in  mind.  Bulletin  7A 
just  issued  by  the  engineering  department  of  the  National 
Electric  Lamp  Association  discusses  this  point.  Referring  to 
Fig.    3,    the    full    line    represents    the    curve    of    the    arc.     The 
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Fig-  3- 

measurements  given  in  Mr.  Allen's  paper  were  with  6.6  ampere 
d.  c.  enclosed  arcs  spaced  400  ft.  apart,  the  measurements  being 
taken  over  a  distance  of  200  ft.  each  way.  These  measurements 
gave  a  maximum  of  0.185,  a  minimum  of  0.003  ^^^  an  average 
of  0.0475  fo^^t  candles.  Now  if  three  100-watt  Mazda  lamps 
were  equally  spaced  over  the  same  distance,  a  table  of  measure- 
ments under  these  conditions  gives  a  maximum  of  0.205,  a  mini- 
mum of  0.006,  and  an  average  of  0.066  foot  candles.  With 
3/5  of  the  same  energy  consumption  divided  between  the  three 
lOO-watt  lamps,  we  have  a  greater  maximum,  a  greater  mini- 
mum, and  a  greater  average  than  with  the  arc. 
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Mr.  Smith: — What  is  considered  the  proper  hght  for  street 
illumination  in  foot  candles? 

Mr.  C.  O.  Baker: — One  authority  gives  it  as  not  less  than 
0.004  foot  candles.  Mr.  Allen  states  in  his  paper  that  a  certain 
installation  with  40-c-p.  tungsten  lamps  placed  100  ft.  apart 
and  16  ft.  high  gave  a  minimum  of  0.007  foc)t  candles  (which 
he  considered  far  more  satisfactory  illumination  than  with  the 
arcs)   and  gave  an  average  of  0.013  foot  candles. 

Mr.  Smith : — Then  in  all  parts  of  the  street  on  which  the 
Mazda  lamps  were  installed  as  represented  in  Fig.  3,  there  would 
be  what  is  conceded  to  be  good  illumination? 

Mr.  C.  O.  Baker: — Yes,  there  would  be  a  minimum  of  0.006 
foot  candles.  If  0.004  ^•'^  considered  a  sufficient  minimum,  there 
would  still  be  a  surplus  — 0.004  as  against  0.006  foot  candles. 

Mr.  R.  C.  Ware: — ^In  the  maximum  for  the  arc  given  in  Fig. 
3  is  not  the  decimal  point  misplaced?     What  was  the  height? 

Mr.  C.   O.  Baker: — Twenty-one  feet. 

Mr.  R.  C.  Ware : — Was  that  in  the  middle  of  the  street  or  in 
the  line  of  the  lamp? 

Mr.  C.  O.  Baker: — About  14  ft.  outside  of  the  line  of  the 
lamp.  In  his  paper  Mr.  Allen  gives  as  a  maximum  0.177  for 
series  enclosed-arc  lamps,  an  average  of  0.036,  a  minimum  of 
0.003,  and  an  average  variation  from  mean  per  cent,  of  106.9, 
while  with  the  tungsten  series  mentioned  the  average  variation 
from  mean  per  cent,  was  33, — much  more  uniform. 

Mr.  R.  C.  Ware: — At  what  distance  from  the  lamp  is  the 
maximum  obtained? 

Mr.  C.  O.  Baker: — The  maximum  was  directly  opposite  the 
lamp  and  the  minimum  was  200  ft.  away  from  the  centre 
With  measurements  made  in  a  line  with  the  lamp,  Bulletin  7A, 
already  referred  to  gives  the  maximum  at  about  0.23,  which  is 
very  close  to  that  of  0.185  given  in  Fig.  3.  The  bulletin  shows  that 
at  50  ft.  away  these  were  0.10,  and  at  about  35  ft.  away,  0.15 
foot  candles,  in  this  case,  550-watt  d.  c.  multiple  enclosed-arc 
lamps  being  used. 

Mr.  Smith: — Will  some  one  explain  the  international  candle- 
power  which  is  being  standardized? 

Mr.  J.  S.  Codman  : — It  is  the  same  unit  used  in  France  and 
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Great  lu-itain,  as  1  understand  it.  our  unit  being"  different.  We 
have  changed  our  unit  to  agree  with  the  Enghsh  and  French 
units. 

Mr.  R.  C.  Jl'arc: — The  hefner,  the  German  standard,  has 
always  l)een  0.9  of  the  Enghsh  standard  and  the  French  has 
been  the  same  as  the  Enghsli.  The  American  standard  was 
allowed  to  run  up  a  little,  so  that  the  hefner  was  only  0.88  of 
the  American  electric  candle.  The  American  gas  candle  re- 
mained practically  tlie  same  as  the  English.  The  international 
standard  eleminates  the  American  and  adopts  the  English  or 
French,  which  is  0.9  of  a  hefner.  In  other  words  France, 
England  and  the  United  States  agreed  to  make  their  standard 
the  same,  the  United  States  modifying  its  imit  to  agree  with  the 
French  and  English,     The  German  unit  is  still  the  hefner. 

Mr.  C.  O.  Baker: — With  reference  to  street  lighting  by  small 
units  and  by  large  units,  there  are  some  points  which  do  not  ap- 
pear upon  the  surface.  In  a  surburban  district  where  arcs  are 
used,  these  are  necessarily  spaced  far  apart.  There  is  consequent- 
ly a  light  source  of  high  intensity  almost  constantly  in  the  field  of 
vision  until  one  has  approached  to  w^ithin  50  or  60  ft.  of  the 
lamp.  The  high  intrinsic  brilliancy  produces  a  distinctly  un- 
pleasant sensation  on  the  eye,  and  stops  down  the  pupil,  so  that 
the  apparent  illumination  produced,  so  long  as  the  lamp  is  m 
the  field  of  vision,  is  seemingly  much  less  than  is  actually  the 
case. 

On  the  other  hand,  where  larger  units  are  close  together  and 
high  in  the  air,  resulting  in  a  higher  average  illuminationi 
throughout,  the  stopping  down  of  the  pupil  is  less  in  proportion 
to  the  illumination  produced,  and  has,  therefore,  less  apparent 
effect  in  decreasing  the  usefulness  of  the  illumination  resulting. 
In  the  case  of  the  small  unit  lighting  by  tungsten  lamps,  which 
gives  the  high  average  mentioned  by  Mr.  Baker,  there  is  a  series 
of  high  peaks  and  low  minimum  points  in  close  succession. 
Furthermore,  the  lights  are  hung  low  and  are  practically  always 
in  the  field  of  vision.  The  result  is  that  in  traversing  a  street 
lighted  in  this  manner,  the  eye  experiences  a  series  of  more  or 
less  violent  shocks,   owing  to  the  rapid  transition   from  low  to 


DISCUSSION  527 

high  ilhimination  values  and  vice  versa,  and  is  unable  to  ac- 
commodate itself  to  the  constantly  changing  conditions. 

There  is  further  the  disadvantage  that  the  constant  glare  of 
the  filament  in  the  eye  stops  down  the  pupil  so  that  there  is 
practically  no  apparent  illumination  at  the  low  points  and  the 
advantage  of  the  high  average  is  largely  lost.  While  the  ob- 
jection is  not  of  such  great  moment  where  the  intrinsic  bril- 
liancy of  the  light  source  is  comparatively  low,  it  seems  to  me 
that  in  all  cases  of  small  unit  street  lighting,  and  especially 
where  bare  metallic  filament  lamps  are  used,  the  solution  is  in 
the  use  of  some  kind  of  a  reflector  which  will  protect  the  eye. 

A  prismatic  reflector  now  on  the  market  gives  a  satisfactory 
vertical  and  horizontal  distribution,  which  covers  the  point  fairly 
well.  There  is,  however,  another  and  perhaps  more  satisfactory 
way  which  might  be  worked  out.  Many  of  you  have  probably 
noticed  the  very  pleasant  effect  produced  when  driving  along 
a  heavily  wooded  street  where  the  lamps  are  hidden  from  the 
eye  by  the  leaves,  and  yet  not  so  completely  shadow^ed  as  to  keep 
the  light  away  from  the  road.     It  is  not  often  you  will  find  that. 

The  effect  would  be  the  same  as  that  produced  by  having  a 
reflector  with  an  opaque  bowl  perhaps  18  in.  in  diameter,  so 
that  the  light  above  10  degrees  below  the  horizontal  is  reflected 
back  at  10  degrees  and  yet  all  the  direct  light  below  10  degrees 
goes  out,  the  bowd  being  sufficiently  shallow  to  allow  this.  If 
such  a  reflector  were  worked  out,  the  result  would  be  good. 

Mr.  C.  O.  Baker: — Some  two  years  and  a  half  ago  I  attained 
that  result  for  a  railway  by  making  parabolic  reflectors  and 
extending  the  skirt  down  to  the  lowest  level  of  the  filament. 
It  had  decidedly  the  effect  mentioned  and  worked  very  nicely. 
The  company  wanted  to  light  their  train  sheds  and  platforms 
and  at  the  same  time  shield  the  light  from  the  eyes  of  the 
trainmen  so  that  the  lights  would  not  be  confused  with  the 
signals.  ^^ 

Mr.  R.  C.  Ware: — Of  course  the  chief  objection  to  that  is 
chat  it  does  limit  the  distance  from  lamp  to  lamp.  They  must 
be  spaced  near  enough  to  allow  the  highest  beams  to  cross, 
because  the  vertical  illumination  is  needed  as  much  as,  if  not 
more  than,  the   horizontal. 
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Mr.  Smith  : — With  regard  to  arc  lamps,  in  the  data  given, 
tlie  arc  lamp  was  not  in  any  way  equipped  with  a  reflector.  It 
was  really  a  hood.  Would  it  not  be  possible  to  equip  the  pres- 
ent arc  lamp  or  the  later  arc  lamps  with  a  reflector  whereby 
their  efficiency  for  street  lighting  could  be  greatly  increased? 

Mr.  C.  0.  Baker: — The  reason  all  arc  lamps  have  not  been 
equipped  with  reflectors  is  that  with  the  later  types  of  arc 
lamps  the  claim  is  made  that  the  distribution  of  light  is  very 
much  below  the  horizontal  and  as  they  must  be  hung  high  in 
order  to  be  out  of  the  line  of  vision,  it  really  is  not  essential 
to  have  a  reflector.  I  notice  that  the  magnetite  arcs  around 
Boston  are  all  equipped  with  reflectors  as  large  as  it  is  proper  to 
make  them,  on  account  of  the  severe  windage.  Twenty-four 
inches  is  almost  too  large  to  withstand  a  wind  stress.  I  be- 
lieve one  company  uses  a  reflector  20  in.  or  22  in.  It  may 
have  the  effect  of  being  simply  a  hood,  but  I  think  it  has  con- 
siderable reflecting  value. 


^•■^■' 
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MllVUTT^S  OF  COUNCIL  MEETING. 


OCTOBER  13,   1910. 

A  meeting  of  the  Council  was  held  on  October  13,  19 10,  there, 
being  present  President  Hyde  and  Messrs.  Israel,  Lansingh, 
Morris,  McAllister  and  Millar. 

There  was  presented  to  the  Council  a  report  of  the  Lecture 
Committee  which  has  charge  of  arrangements  for  the  lecture 
course  to  be  held  under  the  joint  auspices  of  the  Illuminating 
Engineering  Society  and  the  Johns  Hopkins  University.  This 
report  was  accepted  and  approved. 

The  Executive  Committee  which  transacted  business  of  im- 
mediate importance  during  the  summer  reported  on  its  July  and 
August  meetings.  The  most  important  items  of  the  report  were 
the  election  of  250  applicants  at  the  July  meeting  and  212  ap- 
plicants at  the  August  meeting;  the  approval  of  vouchers  for 
payment  of  bills  aggregating  $540.02  covering  expenditures 
which  bore  the  approval  of  the  Finance  Committee :  the  resigna- 
tion of  Mr.  George  A.  Wardlaw,  as  Chairman  of  the  Committee 
on  Editing  and  Publication,  and  the  appointment  of  Dr.  A.  S. 
AIcAllister  as  his  successor. 

The  P'inance  Committee,  Mr.  L.  B.  Marks,  Chairman,  arranged 
a  report  which  included  the  approval  of  payment  of  vouchers 
aggregating  $2,508.10. 

The  Finance  Committee  submitted  a  recommendation  that  all 
expenses  of  the  1910  Convention  save  entertainment  expenses 
only  be  paid  out  of  the  Society's  funds. 

The  report  of  the  Finance  Committee  was  accepted  and  ap- 
proved by  the  council. 

The  General  Convention  Committee,  through  its  Chairman, 
Mr.  V^.  R.  Lansingh,  submitted  a  report  on  plans  for  the  Balti- 
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more  Convention   wliicli  showed  preparations  to  be  progressing 
satisfactorily. 

The  General  Secretary's  statement  of  the  financial  status  of  the 
Society  as  of  October  ist,  iQio.  was  as  follows: — 

Ags^regate  receipts v^io,oo6.ii 

Aggregate  disbursements 5)  175-33 

Bank  balance 4>830. 78 

Accounts  payable 2,276.49 

Accounts  receivable •  1,869.21 

The  status  of  membership  was  al.^o  reported  upon  as  follow^s : 

Members  at  beginning  of  year i  ,038 

Elected  subsequent  to  Jan.  jst 504 

Dropped  for  non-payment  of  dues 5 

Resignations  accepted 62 

Membership  October  ist i,475 

Applications  to  be  passed  upon 59 

The  final  report  of  I\Ir.  J.  Robert  Grouse,  Ghairman  of  the  New 
Membership  Gommittee  was  presented.  This  showed  that  500 
applications  for  membership  in  the  Society  have  been  received 
as  a  result  of  the  activities  of  the  Gommittee.  (About  thirty 
additional  applications  have  been  received  since  the  date  of  this 
re])ort.)  The  Gouncil  received  the  report  with  approval  and  dis- 
charged the  Gommittee  with  a  vote  of  thanks  for  the  very  praise- 
worthy conduct  of  the  campaign  and  for  the  gratifying  results  ob- 
lained. 


SKCTIOX    MEETINGS. 


NKW    YORK    SECTION 

.\  meeting  of  the  New  York  Section  was  held  on  October  13, 
at  which  time  three  papers  were  presented  on  the  general  sub- 
ject of  street  lighting,  as  follows.  "An  Unrecognized  Aspect 
of  Street  Illumination"  by  Mr.  Preston  S.  Millar;  "A  Scientif- 
ically Designed  Street  Lighting  Unit"  by  Mr.  Herbert  S.  Whiting; 
''A  recent  Street  Lighting  Installation  in  the  National  Gapitol" 
by  Mr.  Albert  Jackson  Atarshall.  Demonstrations  were  made 
in  connection  with  the  first  two  papers  w^hile  lantern  slides  were 
used  with  the  last  n'lmed.  Mr.  Millar's  paper  appears  in  this 
issue. 
The  secretary  announced  that  at  the  November  meeting  a  general 
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review  will  be  given  of  the  papers  presented  at  the  Convention. 
At  the  November  meeting  there  will  be  a  paper  by  Prof.  E.  L. 
Nichols  on  **The  Early  History  of  Photometric  Standards"  and 
two  papers  by  Mr.  Bassett  Jones,  Jr.,  entitled  '*A  Study  of 
Reflecting  and  Diffusing  Media"  and  '*The  Lighting  of  the 
Allegheny  Soldiers'  Home  in  Pittsburg." 

Mr.  W.  H.  Gardiner,  Jr.,  was  elected  manager  to  succeed  Mr. 
vS.  G.  Rhodes,  who  had  resigned. 

CHICAGO    SECTION. 

A  meeting  of  the  Chicago  Section  was  held  on  Thursday, 
October  13th,  in  the  Chicago  room  at  the  Great  Northern  Hotel. 
A  paper  was  read  by  Mr.  Jos.  Newman,  Jr.,  on  the  subject 
''Good  Lighting  from  a  Factory  Viewpoint."  The  discussion 
was  led  by  Mr.  C.  W.  Price,  Mr.  W.  E.  Walter,  Mr.  Frost,  Mr. 
Hunt  and  Mr.  Morgan. 

Mr.  F.  H.  Barnhard  was  elected  secretary  of  the  Section  for 
the  coming  year  and  it  was  agreed  that  his  duties  will  begin  with 
the  arrangements   for  the  November  meeting. 

PHILADELPHIA  SECTION. 

At  a  meeting  of  the  Philadelphia  Section  held  on  October  21st 
a  paper  was  presented  by  Mr.  F.  H.  Gilpin  entitled  "Effect  of 
the  Variation  of  the  Incident  Angle  on  the  Coefficient  of  Dif- 
fused Reflection." 
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BALTIMORE    CONVENTION. 


The  Fourth  Annual  Convention  of  the  Society  was  held  at 
Johns  Hopkins  University,  Baltimore,  Md.,  on  Monday  and 
Tuesday,  October  24th  and  25th.  The  registered  attendance 
reached  the  unexpected  total  of  244. 

The  opening  exercises  were  held  at  10.00  a.  m.  on  Monday 
when  the  address  of  welcome  to  the  city  was  delivered  by  Hon. 
J.  Barry  JNIahool,  Mayor  of  Baltimore,  and  Dr.  Ira  Remsen, 
President  of  Johns  Hopkins  welcomed  the  Society  to  the  Uni- 
versity. President  Edward  P.  Hyde  then  delivered  his  presi- 
dential address  having  for  its  title  ''The  Goal  of  Illuminating 
Engineering."     The  address  appears  in  this  issue. 

The  Committee  on  Nomenclature  and  Standards,  of  which 
Dr.  .\lexander  C.  Humphreys  was  chairman,  submitted  as  its 
report  the  report  of  the  Sub-committee  on  Photometric  Units 
of  which  Dr.  Clayton  H.  Sharp  was  chairman.  Action  on  this 
report,  containing  certain  recommendations  concerning  photo- 
metric quantities  and  symbols,  was  deferred  for  one  year  so  as 
to  enable  international  agreement  to  be  reached  before  making 
a  final  selection  of  symbols,  etc.  The  Committee  on  Division  of 
Membership,  of  which  Mr.  E.  L.  Elliot  was  chairman,  submitted 
a  report  recommending  a  division  of  membership  when  the  full 
membership  shall  so  decide  and  in  a  manner  to  be  determined  by 
the  membership.  This  report  was  accepted  and  the  committee 
was  discharged. 

On  Monday  afternoon  the  following  papers  were  presented : 

''Central  Station  Illuminating  Engineering  Department  Work 
and  Methods  Applied  by  the  Denver  Gas  and  Electric  Company," 
by  C.  F.  Oehlmann;  "The  Effect  of  Light  on  the  Movement  of 
Lower  Organisms,"  by  Prof.  Samuel  O.  Mast;  "Illuminating 
Engineering  Sheets  for  the  Calculation  and  Recording  of  Data," 
by  J.  S.  Codman  :  and  "Some  Neglected  Considerations  Pertain- 
ing to  Street  Illumination,"  by  Preston  S.  Millar. 

On  Monday  evening  Mr.  V.  R.  Lansingh  delivered  a  popular 
lecture  on  "Illuminating  Engineering"  intended  particularly  for 
the  benefit  of  the  people  of  Baltimore. 
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At  the  morning  session  on  Tuesday  the  following  papers  were 
presented : 

''Relations  Between  Pressure  and  Light  Output  with  Vari- 
ous Gas  Lamps  and  Burners,"  by  Norman  Macbeth;  "Some 
Spectral  Luminosity  Curves  Obtained  by  Flicker  and  Equality 
of  Brightness  Photometers,"  by  Dr.  Herbert  E.  Ives ;  ''The 
Temperature  Rise  Due  to  the  Energy  Radiated  in  the  Lower 
Hemisphere  from  Different  Light  Sources,"  by  J.  G.  Felton  and 
E.  J.  Brady;  and  "Report  of  Progress  on  Flame  Standards,"  by 
E.  B.  Rosa  and  E.  C.  Crittenden. 

The  final  session  of  the  convention  was  held  on  Tuesday  after- 
noon when  the  following  papers  were  presented : 

"The  Value  of  Illuminating  Engineering  to  the  Commercial 
Man,"  by  W.  J.  Serrill;  "Practical  Value  of  Illuminating  En- 
gineering to  the  Central  Station,"  by  J.  F.  Gilchrist;  and  "The 
Value  of  Illuminating  Engineering  to  the  Manufacturer,"  by 
V.  R.  Lansingh. 

Among  the  entertainment  features  were  an  automobile  ride  for 
the  ladies  through  the  suburbs  of  Baltimore  on  Monday  after- 
noon, a  reception  to  the  members  of  the  Society  and  their  guests 
at  the  Hotel  Belvedere  on  Monday  evening,  a  trolley  trip  and 
luncheon  for  the  ladies  at  the  Baltimore  County  Club  on 
Tuesday  morning  and  afternoon  and  a  banquet  at  the  Hotel 
Belvedere  on  Tuesday  evening.  At  the  banquet,  Gen.  George 
H.  Harries  acted  as  toastmaster.  Toasts  were  responded  to  as 
follows : 

"Baltimore's  Hospitality,"  by  Mayor  Mahool ;  "The  Importance 
of  University  Training  to  an  Engineer,"  by  Dr.  Remsen;  "The 
Function  of  the  Illuminating  Engineering  Society,"  by  Dr.  Hyde 
and  "Illumination  on  Current  Topics,"  by  Ex-mayor  Ferdinand 
C.  Latrobe. 
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JOHNS  HOPKINS  UNIVERSITY  COURSE  IN  ILLUMI- 
NATING ENGINEERING. 


O^  Tuesday  afternoon  were  held  the  opening  exercises  con- 
nected with  a  lecture  and  laboratory  course  in  illuminating 
engineering  ofifered  by  the  Johns  Hopkins  University  in  co- 
operation with  the  Illuminating  Engineering  Society.  The  open- 
ine  addresses  were  made  by  President  Remsen  of  the  University 
and  President  Hyde  of  the  Society.  Short  addresses  were  then 
delivered  by  the  following  representatives  of  various  societies. 
Mr.  H.  A.  Wagner  for  the  president  of  the  Association  of  Edison 
Illuminating  Companies;  Mr.  W.  W.  Freeman  as  president  of 
the  National  Electric  Light  Association;  Mr.  W.  C.  Morris  for 
the  president  of  the  American  Gas  Institute ;  Dr.  J.  B.  Whitehead 
for  the  president  of  the  American  Institute  of  Electrical  En- 
gineers;  Dr.  Samuel  Theobald  as  president  of  the  American 
Opthalmological  Society ;  Dr.  Wendell  Reben  as  president  of  the 
American  Academy  of  Oto-Laryngology  and  Opthalmology,  and 
Mr.  J.  R.  Sloan  as  president  of  the  Association  of  Railway 
Electrical  Engineers. 

The  course  of  lectures  owes  its  origin  to  the  following  con- 
siderations ; 

The  Illuminating  Engineering  Society  recognizing  the  fact  that 
there  is  an  increasing  demand  for  trained  illuminating  engineers 
and  that  the  facilities  available  for  the  specialized  instruction 
required  were  inadequate,  determined,  through  an  act  of  the 
Council  of  the  Society,  to  encourage  the  establishment  of  a 
course  of  lectures  on  the  subject  of  illuminating  engineering. 
It  was  recognized  that  the  course  should  have  three  objects:  (i) 
to  indicate  the  proper  co-ordination  of  those  arts  and  sciences 
which  constitute  illuminating  engineering;  (2)  to  furnish  a  con- 
densed outline  of  study  suitable  for  elaboration  into  an  under- 
graduate course  for  introduction  into  the  curricula  of  undergrad- 
uate technical  schools;  and  (3)  to  give  practicing  engineers  an 
opportunity  to  obtain  a  conception  of  the  science  of  illuminating 
engineering  as  a  whole. 

Inasmuch  as  such  a  course  could  most  appropriately  be  o-iven 
at  a  University  where  graduate  instruction  is  emphasized,  and 
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as  the  Johns  Hopkins  University  regularly  offered  courses  by 
non-resident  lecturers  as  part  of  its  system  of  instruction  and 
was  preparing  to  extend  its  graduate  work  into  applied  science 
and  engineering,  an  arrangement  was  effected  by  which  the 
lectures  are  given  at  this  University  under  the  joint  auspices  of 
the  University  and  the  Illuminating  Engineering  Society. 

The  subjects  and  scope  of  lectures  were  proposed  by  the 
Society  and  approved  by  the  University.  The  lecturers  were 
invited  by  the  University  upon  the  advice  of  the  Society. 

The  program  of  lectures  together  with  the  list  of  lecturers  is 
given  below. 

The  University  provided  facilities  for  demonstrations  at  lec- 
tures and  had  installed  a  working  exhibit  of  apparatus  for 
experimental  work  in  light,  illumination,  and  illuminating  en- 
gineering. This  apparatus  was  placed  at  the  disposal  of  those 
who  attended,  and  an  opportunity  was  afforded  to  undertake  lab- 
oratory work  during  the  term  of  the  lecture  course  under  the 
supervision  of  trained  experts  of  the  University  and  of  the 
Society.  The  complete  course  of  thirty-six  lectures  is  being 
given  between  the  dates  October  26  and  November  8,  1910,  in- 
clusive. 

IvKCTURES    AND    LECTURERS    ON    IlylyUMINATlNG    ENGINEERING. 

I.  **The  Physical  Basis  of  the  Production  of  Light."  Three 
lectures.  Joseph  S.  Ames,  Ph.  D.,  Professor  of  Physics,  The 
Johns  Hopkins  University. 

n.  "The  Physical  Characteristics  of  Luminous  Sources."  Two 
lectures.  Edward  P.  Hyde,  Ph.  D.,  President,  Illuminating 
Engineering  Society ;  Director  of  Physical  Laboratory,  National 
Electric  Lamp  Association. 

III.  "The  Chemistry  of  Luminous  Sources."  One  lecture. 
Willis  R.  Whitney,  Ph.  D.,  Director  of  Research  Laboratory, 
General  Electric  Co. ;  Past  President,  American  Chemical  Society. 

TV.  "Electric  Illuminants."  Two  lectures.  Charles  P.  Stein- 
metz,  Ph.  D.,  Past  President,  American  Institute  of  Electrical 
Engineers ;  Professor  of  Electrical  Engineering,  Union  Univer- 
sity. 

V.   "Gas   and   Oil   Illuminants."     Two   lectures,     (i)    M.    C. 
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W'hitaker,  B.  S.,  M.  S.,  Professor  of  Industrial  Chemistry. 
Columbia  University.  (2)  Alexander  C.  Humphreys,  M.  E., 
Hon.  vSc.  D.,  President  Stevens  Institute  of  Technology;  Past 
President,  American  Gas  Institute. 

VI.  "The  Generation  and  Distribution  of  Electricity  with 
Speeial  Reference  to  Lighting."  Two  lectures.  John  B.  White- 
head, Ph.  D.,  Professor  of  Applied  Electricity,  The  Johns  Hop- 
kins l^niversity. 

\ll.  "The  Manufacture  and  Distribution  of  Gas  with  Special 
Reference  to  Lighting."  Two  lectures  (i)  Mr.  E.  G.  Cowdery, 
A'ice-President,  Peoples  Gas  Light  and  Coke  Company,  Chicago, 
111.  (2)  Mr.  Walter  R.  Addicks,  Vice-President  of  Consohdated 
Gas  Co.,  New  York. 

VIII.  ''Photometric  Units  and  Standards."  One  lecture. 
Edward  B.  Rosa,  Ph.  D.,  Physicist,  National  Bureau  of  Standards. 

IX.  "The  Measurement  of  Light."  Two  lectures.  Clayton 
H.  Sharp,  Ph.  D.,  Test  Officer,  Electrical  Testmg  Laboratory, 
New  York  City;  Past-President,  Illuminating  Engineering 
Society. 

X.  "The  Architectural  Aspects  of  Illuminating  Engineering." 
Two  lectures.  Walter  Cook,  A.  M.,  Vice-President,  American 
Institute  of  architects ;  Past  President,  Society  of  Beaux  Arts 
Architects. 

XL  "The  Decorative  Aspects  of  Illuminating  Engineering." 
One  lecture.  Mr.  Louis  Tiffany,  President  of  the  Tiffany 
Studios,  New  York. 

XII.  ''The  Physiological  Aspects  of  IlUuminating  Engineer- 
ing." Two  lectures.  P.  W.  Cobb,  B.  S.,  M.  D.,  Physiologist, 
Physical  Laboratory  of  the  National  Electric  Lamp  Association. 

XIII.  ''The  Psychological  Aspects  of  Illuminating  Engineer- 
ing." One  lecture.  Robert  M.  Yerkes,  Ph.  D.,  Assistant  Pro- 
fessor of  Psychology,   Harvard  University. 

XIV.  "The  Principles  and  Design  of  Interior  Illumination." 
Six  lectures,  (i)  L.  B.  Marks,  B.  S.,  M.  M.  E.,  Consulting 
Engineer,  New  York  City;  Past-President,  Illuminating  En- 
gineering Society.  (2)  Mr.  Norman  Macbeth,  Illuminating  En- 
gineer, The  Welsbach  Co.       (3)  W.  E.  Barrows,  Jr.,  Assistant 
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Professor,  Electrical  Engineering,  Armour  Institute  of  Technol- 
ogy, Chicago,  111. 

XV.  *'The  Principles  and  Design  of  Exterior  Illumination." 
Three  lectures,  (i)  Louis  Bell,  Ph.  D.,  Consulting  Engineer, 
Boston,  Mass. ;  Past-President,  Illuminating  Engineering  Society. 
(2)   E.  N.  Wrightington,  A.  B.,  Boston  Consolidated  Gas  Co. 

XVI.  ''Shades,  Reflectors  and  Diffusing  Media."  One  lecture. 
Van  Rensselaer  Lansingh,  B.  S.,  General  Manager,  Holophane 
Co. 

XVIL  "Lighting  Fixtures."  One  lecture.  Mr.  Edward  F. 
Caldwell,  Senior  Member  of  Firm  and  Designer,  Edward  F. 
Caldwell  &  Co.,  New  York. 

XVIII.  "The  Commercial  Aspects  of  Electric  Lighting."  One 
lecture.  John  W.  Lieb,  Jr.,  M.  E.,  Third  Vice-President,  New 
York  Edison  Co. ;  Past-President,  American  Institute  of  Electrical 
Engineers. 

XIX.  "The  Commercial  Aspects  of  Gas  Lighting."  One 
lecture.  Walton  Clark,  M.  E.,  President  of  the  Franklin  Institute, 
Philadelphia;  Third  Vice-President,  United  Gas  Improvement 
Co.,  Philadelphia. 

The  laboratory  demonstrations  given  in  connection  with  the 
lectures  are  under  the  direction  of : 

Charles  O.  Bond,  Manager  of  Photometric  Laboratory,  United 
Gas  Improvement  Co.,  Philadelphia ;  Herbert  E.  Ives,  Ph.  D., 
Physicist,  Physical  Laboratory,  National  Electric  Lamp  Associa- 
tion ;  Preston  S.  Millar,  Electrical  Testing  Laboratories,  New 
York;   General    Secretary,    Illuminating   Engineering   Society. 

On  the  opening  day  the  registration  for  the  lectures  so  far 
exceeded  the  expectations  of  those  in  charge  of  the  arrangement 
that  a  limit  had  to  be  placed  upon  the  applications  accepted 
Accommodations  had  been  provided  for  230  while  the  number 
of  applications  reached  about  250. 
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CONVENTION  AND  LECTURE  COMMITTEES. 


General  Committee. 
Van    RENSSEI.AER   Lansingh,   Chairman. 
Charles  M.  Cohn,  Charles  O.  Bond,  Frederick  N.  Morton,  Douglass 
Burnett,  Herbert  K.  Dodson,  Heckert  L.  Parker,  Preston  S.  Millar, 
Ira   Rem  sen,    Samuel    W.    Stratton,    George    H.    Harries,    Joseph    o 
Ames,  E.  B.  Rosa.  J.  S.  Codman,  George  C.  Keech,  Herbert  A.  Wag- 
ner. 

Arrangements    Committee. 

Herbert  K.  Dodson,  Chairman. 
Douglass  Burnett  Willam  J.  A.  Bliss 

Entertainment   Committee. 
Douglass  Burnett,  Chairman. 
Joseph   S.   Ames,  William  J.   A.   Bliss,  Van  Rensselaer  Lansingh, 
John   B.  Whitehead,  Charles  O.  Bond,  Herbert  K.  Dodson,  Heckert 
L.  Parker,  Proctor  L.  Dougherty. 

Reception    Committee. 

Charles    M.    Cohn,   Chairman. 

Dr.  and  Mrs.  Joseph  S.  Ames,  Mr.  and  Mrs.  Charles  H.  Dickey, 
George  Beadenkopf,  Miss  Bessie  G.  Beadenkopf,  Mr.  and  Mrs.  Her- 
bert A.  Wagner,  Mr.  and  Mrs.  George  B.  Muth,  Miss  Pauline  E. 
Cohn,  Mr.  and  Mrs.  Wm.  Darbee,  Dr.  and  Mrs.  Ira  Remsen,  Mr. 
and  Mrs.  Douglass  Burnett,  A.  J.  Marshall,  Mr.  and  Mrs.  W.  S. 
Farrow,  T.  R.   Beebe. 

Public   Lecture   Committee. 

Charles  O.  Bond,  Chairman. 

Frederick  N.   Morton. 

Finance    Committee. 
Charles   M.    Cohn,   Chairman. 

Papers    Committee. 
Frederick   N.   Morton,  Chairm-an. 
Herbert   E.    Ives,   R.    C.    Ware,   A.    S.    McAllister,   J.    R.    Cravat h, 
Charles  O.  Bond. 

Committee   on   Lectures. 

E.   P.   Hyde,   Chairman. 
Louis   B.   Marks,  W.   D.   Weaver,  Louis   Bell,  C.   H.   Sharp,  W.   H. 
GartlEy. 

Bxhihition   Committee. 
Charles   O.    Bond  Herbert   E.   Ives  Preston    S.   ?v[illar 
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THE   GOAL   OF   ILLUMINATING   ENGINEERING/ 


BY    K.    P.     IIYDE:. 


The  inception  and  development  of  the  science  and  art  of  il- 
luminating engineering  constitute  an  epoch  in  the  progress  of 
civilization.  In  the  beginning  God  said  "let  there  be  light"  and 
there  was  light,  and  for  many  centuries  the  sun  by  day,  and  the 
moon  and  stars  by  night  were  unchallenged  luminaries  of  the 
earth,  save  for  the  occasional  torch  whose  flickering  rays  il- 
lumined the  parchment  of  some  zealous  scribe  or  lighted  the 
pathway  of  a  belated  wanderer.  To  us  of  the  present  day  who 
spend  a  fourth  of  our  wakeful  moments  after  the  sun  is  down 
it  is  scarcely  credible  that  humanity  ever  could  have  been  con- 
tented without  that  wealth  of  artificial  light  that  transforms  our 
night  into  day  and  rescues  for  us  many  of  our  happiest  moments 
after  the  day's  work  is  over.  And  yet  when  we  recall  that  a 
century  ago  gas-lighting  was  in  its  infancy,  that  a  half-century 
ago  the  incandescent  lamp  was  not  yet  invented,  we  realize  that 
the  dark  ages  are  but  just  past,  and  that  a  new  era  is  dawning. 

It  would  be  interesting  to  trace  the  gradual  development  of  arti- 
ficial illumination  from  the  dawn  of  civilization  down  to  the  pres- 
ent time,  but  the  unprecedented  progress  of  the  last  few  decades 
together  with  the  birth  and  development  of  the  new  engineering 
science  and  art  which  seeks  to  know  and  to  apply  the  correlated 
facts  of  natural  and  artificial  illumination,  distorts  our  perspective, 
and  impels  us  to  inquire  with  diligence  into  the  raison  d'etre  of 
illuminating  engineering,  and  to  seek  to  discern  on  the  hazy 
horizon  of  the  future  the  goal  of  its  progress.  We  have  but  so 
recently  embarked  on  our  voyage  and  have  until  now  been  so 
concerned  with  the  shallows  and  eddies  of  inland  waters  that 
there  has  scarcely  yet  been  opportunity  to  take  our  bearings,  to 
swing  around  the  nose  of  our  vessel  toward  the  distant  shore 
across  the  mighty  intervening  deep  of  prolonged  experience,  and 
to  begin  a  premature  vigil  for  a  first  glimpse  of  land.  But  to- 
day, on  the  eve  of  the  lecture  course  which  should  establish  be- 

1  Presidential  Address  before  the  Fourth  Annual  Convention  of  the  Illuminating  En- 
gineering Society,  Baltimore,  October  24,  1910. 
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yond  dispute  our  raison  d'etre,  we  can  feel  assured  that  we  have 
cleared  the  light-vessel,  have  passed  over  the  bar,  and  are  now 
ready  to  steer  by  the  compass  to  our  distant  haven. 

Illuminating  engineering  is  both  a  science  and  an  art.  Its 
principles  rest  on  the  correlation,  after  a  new  scheme,  of  the 
scattered  phenomena  of  the  ancient  sciences  of  physics,  physiology 
and  psychology,  and  the  dictates  of  the  ancient  art  of  architecture. 
Its  accomplishments  depend  on  the  application  of  its  principles 
to  the  solution  of  practical  problems  of  lighting.  Illuminating 
engineering  is  slightly  complex;  it  touches  the  purely  commer- 
cial on  the  one  hand,  and  aspires  to  the  highest  summits  of 
aestheticism  on  the  other ;  it  invokes  the  resources  of  physics  and 
chemistry,  and  it  depends  fundamentally  on  the  physiology  and 
psychology  of  seeing.  Its  very  complexity  is  sufficient  explana- 
tion if  its  slow  inception.  The  phenomena  and  laws  of  the 
sciences  of  physics,  physiology  and  psychology  are  well  estab- 
lished; the  dicta  of  the  art  of  architecture  are  well  formulated; 
the  correlation  of  those  laws  and  dicta  as  a  basis  of  practical 
application  to  lighting  is  a  distinct  achievement  of  the  new  art 
and  science  from  which  this  Society  has  taken  its  name. 

Illuminating  engineering  is  both  a  science  and  an  art.  Science, 
according  to  Ruskin,  is  ''the  knowledge  of  things,  whether  Ideal 
or  Substantial,"  and  art  is  the  "modification  of  Substantial  things 
by  our  Substantial  power."  Science  is  knowledge,  coordinated, 
classified,  systematized.  "The  object  of  science  is  knowledge ; 
the  objects  of  art  are  works.  In  art  truth  is  the  means  to  an 
end ;  in  science  it  is  only  the  end."  The  science  of  illuminating 
engineering  is  the  correlated  knowledge  of  the  varied  phenomena 
of  illumination ;  the  art  of  illuminating  engineering  is  the  ap- 
plication of  this  classified  knowledge  to  the  design  of  lighting 
installations.  The  goal  of  illuminating  engineering  is  therefore, 
the  attainment  to  the  ideal  application  of  perfect  knowledge. 

The  analysis  of  this  highly  generalized  statement  of  the  goal 
of  illuminating  engineering  leads  us  first  to  the  fundamental  fact 
that  knowledge  must  precede  application.  The  future  of  the 
science,  and  the  achievement  of  the  art  depend  on  the  establish- 
ment of  sound  basic  principles,  and  it  is  of  paramount  importance 
that   we  give  our  careful   attention  to  the   development   of  the 
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principles  of  the  science,  lest  its  vitality  should  be  sapped  by 
injudicious  application  of  unwarranted  assumptions.  But  although 
knowledge  must  precede  application  it  is  not  to  be  inferred  that 
the  knowledge  must  be  complete  before  application  is  attempted. 
Science  and  art  go  hand-in-hand.  The  failures  in  appHcation 
suggest  the  deficiencies  in  the  knowledge,  and  stimulate  further 
inquiry.  The  successes  in  practice  corroborate  the  theory  and 
indicate  the  direction  for  further  investigation.  The  knowledge 
and  its  application  proceed  together  towards  the  goal  of  its 
progress. 

We  are  tempted  to-day  to  point  out  some  of  the  convergent 
paths  along  which  the  correlated  sciences  and  their  companion 
arts  are  steadily  advancing  toward  the  goal  of  illuminating 
engineering.  The  basic  element  of  illuminating  engineering  is 
light,  and  the  normal  physical  prerequisite  of  the  sensation  of 
light  is  the  material  source,  which  radiates  energy  through  the 
luminiferous  ether  to  the  sensitive  receiving  elements  in  the 
retinas  of  our  eyes.  The  human  retina  is  most  perfectly  adapted 
to  the  light  of  the  sun,  wliich  will  unquestionably  continue  with- 
out competition  as  the  natural  illuminant  of  exposed  places  in  the 
daytime,  and  will  remain  as  the  standard  of  quality  with  which 
we  will  compare  the  nocturnal  substitutes  of  human  invention. 
The  art  of  illuminating  engineering  has,  indeed,  grown  out  of 
the  efforts  of  the  race  to  imitate  daylight  in  the  use  of  artificial 
light  sources,  but  whatever  may  have  been  its  origin,  its  sway 
logically  extends  over  the  domain  of  daylight  as  well  as  of  night- 
light  illumination. 

Though  we  can  foresee  no  marked  improvement  nor  hope  for 
any  change  in  our  God-given  daylight  source,  the  opportunities 
for  improvement  in  artificial  illuminants,  notwithstanding  the 
marvelous  developments  of  the  last  few  decades,  are  well  recog- 
nized, provided  our  standard  of  perfection  does  not  move  silent- 
ly onward  before  us.  Judged  according  to  our  present  con- 
ception of  ideality  the  ideal  artificial  illuminant,  apart  from  any 
consideration  of  its  form  or  magnitude,  its  polar  diagram  or  its 
intrinsic  brilliancy,  or  any  of  its  numerous  attributes  except  the 
quality  of  the  light  and  the  efficiency  of  its  production,  would 
transform  all  the  energy  supplied  to  it  into  luminous  radiation 
of  sunlight  color.     The  very  recital  of  exceptions  indicates  the 
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limitations  in  our  conception  of  ideality,  and  yet  the  realization 
of  the  two  conditions  which  have  been  imposed  is  still  far  from 

attainment. 

If  all  the  energ-y  supplied  to  a  lamp  were  transformed  into 
radiation,  and  all  the  energy  radiated  were  confined  within  very 
narrow  limits  of  wave-length  in  the  yellow-green  region  of  the 
spectrum  it  would  be  possible,  according  to  the  best  data  avail- 
able, to  produce  a  luminous  flux  of  about  800  lumens  for  every 
watt  supplied.  But  this  monochromatic  light  would  be  un- 
natural, and  the  appearance  of  natural  objects  illuminated  by 
it  would  be  uncanny.  If,  however,  the  second  condition  were 
modified  so  that  all  the  energy  was  radiated,  not  within  the  nar- 
row wave-length  limits  of  a  single  color,  but  throughout  the 
visible  spectrum,  the  distribution  of  energy  in  the  various  colors 
corresponding  to  that  of  average  daylight,  the  resultant  light 
would  match  daylight  in  quality,  and  would  correspond  to  an 
output  of  about  three  hundred  lumens  per  watt,  which  is  five  or 
six  times  that  of  the  most  efficient  artificial  source  of  the  present 
day.  Such  an  efficiency  is  impossible  in  the  pure  tem.perature 
radiation  of  a  black  body,  and  is  scarcely  to  be  sought  in  the 
pure  temperature  radiation  of  any  solid  however  selective  its 
radiation  may  be,  for  no  substance  is  known  which  indicates  even 
the  possibility  of  such  extreme  selectivity.  If  an  output  of 
several  hundred  lumens  per  watt  is  ever  to  be  attained  it  should 
be  sought  in  the  radiation  of  so-called  luminescence,  as  exempli- 
fied in  the  flame  light  of  the  various  luminous  and  other  arcs. 
A  characteristic  of  such  luminescent  radiation  is  a  discontinuous 
spectrum,  and  even  though  the  desired  efficiency  might  be  ob- 
tained, it  is  improbable  that  the  bright  line  spectrum  would  con- 
sist of  so  many  lines  and  of  such  relative  intensities  that  the 
integral  quality  would  be  that  of  sunlight  and  that  the  color  of 
natural  objects  would  be  true. 

But  let  us  assume  that  it  is  possible  through  the  developments 
of  physical  science  to  produce  a  light  source  of  the  quality  of 
daylight  and  with  the  highest  possible  efficiency  consistent  with 
this  quality.  Let  us  ignore  the  other  qualifications  which  we 
excepted  in  our  premises.  With  all  these  exceptions,  is  our  most 
efficient,  white-light  source  perfect?  It  is  very  questionable  that 
such  is  the  case.     Life  upon  this  earth,  as  we  know  it,  is  depend- 
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ent  on  the  warming  influence  of  the  solar  radiation  much  of 
which  is  without  the  Hmits  of  the  visible  spectrum,  and  yet  one  of 
the  conditions  of  our  ideal  source  precludes  any  radiation  except 
in  the  visible  spectrum.  Many  destructive  and  constructive 
organic  chemical  processes  are  attributed  tO  the  ultra-violet  radia- 
tion in  daylight,  and  yet  one  of  the  conditions  of  our  ideal 
artificial  source  implies  the  exclusion  of  ultra-violet  radiation. 
The  demands  we  have  made  upon  our  ideal  artificial  source 
render  it  unnatural,  and  who  knows  the  bane  or  blessing  involved 
in  those  very  radiations  which  we  would  studiously  avoid  ? 

We  speculate  much  on  the  possibilities  of  luminous  efficiency, 
and  rightly  so,  but  we  are  likely  to  become  unbalanced  by  narrow 
speculation.  We  cease  to  appreciate  the  full  significance  of 
efficiency,  which  I  take  it,  signifies  in  its  broadest  meaning,  the 
most  perfect  accomplishment  of  some  desired  end  by  the  most 
economical  means.  It  is  the  ratio  of  satisfactoriness  to  cost, 
and  not  merely  the  reciprocal  of  cost.  If  the  aim  of  a  lighting 
design  is  a  soft  yellow  tint,  a  green  light  would  not  be  efficient, 
whatever  its  lumens  per  watt. 

A¥e  speculate  much  on  the  possibilities  of  luminous  efficiency, 
and  rightly  so,  but  we  should  not  forget  to  speculate  also  on  the 
possibility  of  the  utilization  of  the  flux  which  is  already  available. 
We  should  study  the  source,  as  a  necessary  element  in  illumina- 
tion, but  the  emphasis  to-day  should  be  placed  rather  on  the  study 
of  its  application.  Although  the  most  efficient  source  possible 
as  a  result  of  the  evolution  of  scientific  research  may  not  yet  have 
been  developed,  numerous  sources  are  available  which  have  not 
been  utilized  to  the  limit  of  their  possibilities.  Until  the  funda- 
mental or  auxiliary  sciences, — if  we  may  speak  of  them  as  such — 
which  underlie  the  science  of  illuminating  engineering  attain 
to  perfection  that  science  cannot  be  perfect,  but  the  development 
of  the  science  of  illuminating  engineering  is  not  abreast  of  those 
auxiliary  sciences  on  which  in  large  part  it  depends. 

What  is  the  present  status  of  illuminating  engineering  con- 
sidered as  a  distinct  science?  I  regret  the  necessity  of  a  confes- 
sion to  a  relatively  low  stage  of  development.  In  mterior  light- 
ing, for  example,  we  base  our  calculations  on  the  horizontal  il- 
lumination on  a  plane  thirty  inches  above  the  floor,  and  most  of 
us  at  some  times,  and  some  of  us  at  most  times,  make  the  implicit 
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assumption  that  the  aim  of  the  Hghting  installation  is  to  produce 
a  uniform  distribution  of  illumination  over  this  imaginary  test 
plane.  There  is  little  knowledge  at  present  of  the  proportion  of 
luminous  flux  that  should  fall  on  the  walls  and  ceilmg  compared 
with  iliat  which  should  be  directed  upon  the  arbitrary  test  plane ; 
there  is  little  attention  given  to  the  illumination  intensity  on 
vertical  and  inclined  planes  at  different  angles,  and  in  different 
parts  of  the  room.  Our  knowledge  is  relatively  meagre  on  the 
values  of  high  lights  and  shadows,  of  directed  and  diffused  il- 
lumination. Most  of  us  would  be  greatly  surprised  at  the  re- 
sults which  would  be  obtained  if  at  some  point  in  a  cheerful, 
sunlit  living  room  the  illumination  intensity  in  every  direction 
in  space  was  measured  by  pointing  the  test  screen  of  an  il- 
luminometer  successively  in  all  directions.  Our  knowledge  of 
exact  conditions  in  those  cases  of  daylight  illumination  which  are 
generally  recognized  as  highly  satisfactory,  is  very  deficient,  and 
the  result  must  follow  that  with  less  satisfactory  illuminants  and 
with  imperfect  knowledge  our  attempts  at  artificial  reproduction 
of  these  daylight  standards  meet  with  but  a  small  measure  of 
success.  Illuminating  engineering,  as  a  distinct  science,  is  not 
abreast  of  those  auxiliary  sciences  on  which  in  large  part  it 
depends.  To  an  even  greater  degree  it  may  be  said  that  the  art 
of  illuminating  engineering  is  not  abreast  of  the  development 
of  the  material  illuminants  which  it  applies.  The  object  of  the 
apparently  prolonged  discussion  of  the  light  sources  in  the  pre- 
ceding paragraphs,  was  not,  as  might  at  first  appear,  to  empha- 
size the  importance  of  the  development  of  the  illuminant,  but 
rather  to  show  the  very  indefiniteness  of  our  conception  of 
ideality  in  what  might  seem  to  be  the  simplest  and  most  advanced 
element  of  illuminating  engineering,  and  to  indicate  the  complex- 
ity of  a  detailed  consideration  of  each  of  the  many  elements, 
which,  taken  together,   constitute   illuminating   engineering. 

The  development  of  an  ideal  illuminant  is  but  the  pursuance 
of  a  single  path  of  the  many  which  converge  toward  the  goal  of 
illuminating  engineering,  and  since,  continuing  the  figure,  a 
single  path  cannot  converge,  so  the  very  conception  of  an  ideal 
illuminant  must  depend  upon  the  concomitant  developments  of 
the  correlated  sciences  and  arts.  If  the  development  of  the 
physiology  and  psychology  of  seeing  keeps  pace  with  the  pro- 
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gress  of  the  illuminant  and  its  auxiliary  parts,  if  the  dictates  of 
aesthetics  are  accorded  the  properly  proportioned  recognition, 
and  if  the  resultant  quasi-established  rules  of  any  stage  of 
development  are  tested  in  the  workshop  of  experience,  there  will 
be  a  concordant  progress  along  all  of  the  convergent  paths  to- 
ward the  goal. 

Illuminating  engineering  is  truly  complex,  the  paths  which 
converge  toward  its  goal  are  numerous  and  varied.  The  con- 
sistent and  coordinate  development  along  each  path  as  a  result 
of  imagination  and  industry  coupled  with  discretion,  will  deter- 
mine the  rate  of  progress  toward  the  goal.  What  is  the  goal  of 
illuminating  engineering?  It  is  not  the  mere  computation  of 
foot-candle  illumination  necessary  for  vision,  the  design  and 
application  of  lamps  and  reflectors  which  will  give  a  uniform  or 
non-uniform  distribution  of  illumination  as  the  exigencies  of 
the  case  or  the  whims  of  the  designer  may  dictate ;  it  is  not  the 
cold,  calculated  plan  of  illumination  which  keeps  within  the 
bounds  of  economy,  and  does  not  trespass  upon  those  fields 
implanted  by  physiological  research  with  the  warning  sign  of 
"Dangerous."  The  goal  of  illuminating  engineering  will  have 
been  attained  when  as  a  result  of  the  concomitant  development  of 
its  component  elements,  it  will  be  possible  in  every  case  presented, 
to  design  a  lighting  installation  which  will  be  efficient,  effective, 
artistic;  which  will  produce  an  illumination  correct  in  quantity 
and  quaHty,  properly  balanced  as  to  high-light  and  shadow,  rest- 
ful to  the  eye  and  harmonious  with  the  form  and  color  schemes 
involved ;  which  will  stand  the  rigorous  test  of  logical  analysis 
and  will  appeal  to  the  most  highly  developed  sense  of  beauty. 
The  goal  of  illuminating  engineering  is  the  attainment  to  the  ideal 
application  of  perfect  knowledge. 

In  selecting  as  the  title  of  this  year's  presidential  address  "The 
Goal  of  Illuminating  Engineermg"  I  was  not  unmindful  of  the 
apparent  magnitude  of  the  assumed  task  or  of  the  natural 
obstacles  in  the  way  of  its  accomplishment.  The  idea,  however, 
of  attempting  to  present  the  specifications  of  ideal  illumination 
in  any  or  all  cases  was  farthest  from  my  mind.  The  object  of 
this  brief  address  has  been  to  suggest  rather  than  specify,  to 
exalt  the  ideals  of  illuminating  engineering  rather  than  to  indi- 
cate the  achievements  of  the  perfected  science. 
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AN  UNRECOGNIZED  ASPECT  OF  STREET  ILLUMINA- 

TION.i 


BY   PRESTON   S.    MILLAR. 


In  all  available  literature  of  street  illumination,  however  di- 
verse the  view  points  or  the  conclusions,  there  is  substantial  una- 
nimity in  restricting  discussion  to  questions  of  light  emanating 
from  lamps  and  light  impinging  upon  surfaces.  Discussions  of 
the  use  made  of  the  light,  of  its  effectiveness  in  promoting  dis- 
cernment of  objects,  and  of  questions  of  discernment  are  rare. 
It  is  the  purpose  of  this  paper  to  call  attention  to  an  obvious 
method  of  discernment  which  has  failed  to  receive  due  attention 
from  those  who  have  discussed  the  subject. 

PURPOSES    OE    STREET    LIGHTING. 

What  are  the  chief  purposes  to  be  served  in  street  lighting? 
Let  us  consider  some  representative  cases. 

Vehicle. — It  is  of  first  importance  that  its  presence  be  detected 
and  its  location  determined.  It  may  be  desirable  to  learn  its 
color,  character,  etc.,  but  these  considerations  are  not  of  first 
importance.  Their  desirability  varies  with  the  prominence  and 
importance  of  the  thoroughfare. 

Pedestrian. — It  is  of  first  importance  that  his  presence  be  de- 
tected and  his  position  located.  If  the  illumination  will  also 
reveal  his  features  a  requirement  of  the  highest  class  of  street 
lighting  is  met,   but  this  is  usually  of  minor  importance. 

Small  Obstruction. — When  approaching  a  small  object  in  the 
street  it  is  desirable  to  know  whether  it  is  a  stone  or  a  tin  can 
but  the  most  important  purpose  is  served  if  the  object  is  seen 
and  avoided. 

Hole  in  Street  Surface. — A  dark  area  on  the  street  surface 
may  be  moisture  or  a  hole.  If  the  illumination  at  all  times 
makes  the  irregularity  apparent  we  must  be  content  in  the  pres- 
ent  state  of  the   art. 

From  the  above  the  conclusion  is  reached  that  the  most  im- 

1  A  paper  presented  before  the  New  York  Section  of  the  nUiniinating  Engineering 
Society,  October  13,  1910. 
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portant  purposes  to  be  served  in  street  illumination  are:  First, 
detection  of  the  presence  of  objects  on  the  street;  and,  second, 
detection  of  surface  irregularities.  These  requirements  are  fun- 
damentally important,  and  set  a  standard  of  achievement  for  most 
contemporaneous  installations,  representing  all  that  can  be  ex- 
pected. As  the  standard  of  expenditure  for  street  lighting  is 
raised  and  more  pretentious  lighting  is  attempted  other  second- 
ary requirements  claim  consideration. 

DISCERNMENT    OP    SURFACE    IRREGUI.ARITIES. 

Surface  irregularities  are  perceived  because  some  portion  of  the 
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Fig.  I. ^Logarithmic  curve  based  on  sensation  at  o.oi  foot-candle. 

irregular  surface  is  brighter  or  darker  than  the  immediate  sur- 
rounding surface.  Ability  to  see  such  irregularities  depends 
largely  upon  the  intensity  of  the  illumination  in  the  immediate 
locality.  We  discern  a  stone  if  there  is  enough  light  falling  in  its 
immediate  neighborhood  either  to  render  its  observed  surface 
brighter  than  the  surrounding  area,  or  to  render  the  surrounding 
surface  bright,  while  leaving  the  observed  surface  of  the  stone 
unilluminated  and  causing  a  shadow  on  the  street  surface.  In 
either  event,  there  must  be  enough  light  to  make  the  contrast 
noticeable.  There  is  a  certain  minimum  intensity  below  which 
a  given  contrast  under  a  given  condition  cannot  be  distinguished. 
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With  increasing  intensity  one  is  believed  to  see  more  and  more 
readily  as  indicated  in  Fig.  i,  which  is  plotted  from  Fechner's 
Law  of  Sensations. 

The  question  of  discernment  of  surface  irregularities  is  an 
important  part  of  the  problem  of  street  illumination.  The 
great  mass  of  the  literature  of  street  lighting,  as  far  as  it  deals 
with  the  subject  of  illumination,  deals  only  with  this  phase  of 
discernment,  considering  only  the  light  impinging  upon  an  object, 
when  discussing  its  visibility. 

DISCERNMENT  OF  LARGER  OBJECTS. 

The  percepton  of  small  objects  on  the  surface  of  the  street 
and  the  detection  of  irregularities  in  the  street  surface  are  pur- 
poses which  must  be  served  by  ai.y  effective  street  lighting 
installation,  but  any  estimation  of  the  effectiveness  of  an  installa- 
tion is  likely  to  fall  short  of  correctness  if  these  are  the  only 
factors  considered.  The  discernment  of  larger  objects  on  the 
street,  such  as  pedestrians  and  vehicles,  is  of  at  least  equal  im- 
portance, and  in  the  discernment  of  such  objects  other  factors 
than  those  already  discussed  must  be  considered. 

The  light  incident  upon  the  near  surface  of  a  large  body,  such 
as  a  pedestrian,  is  either  sufficient,  or  too  feeble  to  render  him 
visible.  If  sufficient,  the  pedestrian  can,  of  course,  be  seen ; 
if  too  feeble  to  make  him  visible,  it  does  not  follow  that  he  can- 
not be  seen,  because  in  most  street  lighting  installations,  the 
incident  light  does  not  form  an  adequate  criterion  of  the  con- 
ditions of  discernment  of  large  objects.  It  may  even  occur  that 
with  decreased  intensity  of  light  upon  the  object  it  may  be  dis- 
cerned more  clearly,  and,  conversely,  that  with  increased  inten- 
sity of  light  upon  the  object  it  may  be  discerned  less  clearly. 
For  example,  in  a  particular  instance  a  pedestrian  wearing 
clothes  of  substantially  the  same  light-reflecting  power  as  the 
street  surface,  is  seen  by  reason  of  the  light  falling  upon  him 
when  he  is  near  a  lamp ;  but  he  is  barely  discernible  when,  in 
walking  along  the  street,  he  reaches  a  locality  in  which  the  light 
reflected  from  his  clothing  is  about  the  same  as  the  light  re- 
flected from  the  street  which  serves  as  a  background  against 
which  he  is  viewed.  As  he  proceeds  along  the  street  away  from 
the  observer  and  from  the  nearest  lamp,  the  light  falling  upon 
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him  becomes  less  intense,  and  he  would  be  less  easily  discern- 
able  if  dependence  were  placed  alone  upon  incident  light.  As 
a  matter  of  fact,  the  pedestrian  is  more  easily  perceived  than 
when  near  the  lamp,  because,  as  less  light  is  reflected  from  him 
to  the  observer  he  becomes  more  darkly  silhouetted  against  the 
background  which  is  chiefly  the  street  at  a  distance.  In  street 
lighting,  as  a  rule,  large  objects  on  the  street  are  seen  as  sil- 
houettes. 

Fig.  2  is  an  illustration  of   such  discernment.     The  automo- 


Fig.  2  — Discernment  by  silhouetting.' 

bile  shown  was  300  ft.  (approximately  91  meters)  from  the  camera 
and  nearly  200  ft.  (approximately  60  meters)  from  the  interme- 
diate lamp.  If  one  had  to  rely  upon  the  light  falling  upon  the  auto- 
mobile, discernment  would  be  out  of  the  question,  but  the  rela- 
tively bright  street  surface  which  serves  as  a  background  makes 
it  easily  visible  even  with  the  small  flux  of  light  there  availa- 
ble. 

In  the  photograph  one  detects  the  presence  of  an  object  be- 
cause  portions  of   the  brightly-lighted  street   surface   and  trees 

1  Taken  for  the  author  by  the  photographic  department  of  the  New  York  Edison  Co. 
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are  obscured.  The  outline  of  the  obscuring  object  is  recognized 
as  that  of  an  automobile.  The  presence  of  the  automobile  is 
apparent  not  because  one  sees  it  but  because  one  fails  to  see  the 
lighted  background,  within  the  outline  of  the  object.  The  phe- 
nomenon is  simply  an  eclipse. 

This  process  of  discernment  is,  in  the  writer's  opinion,  the 
most  usual  and  the  most  important  in  street  illumination.  It 
depends  upon  a  contrast  between  the  object  to  be  discerned  and 
the  background,  which  is  usually  a  street  surface,  at  a  distance 
of  from  1/16  to  34  inile  (approximately  100  to  400  meters). 
Naturally  the  only  factor  which  is  here  under  control  is  the 
brightness  of  the  background.  As  most  objects  to  be  discerned 
are  dark  either  by  reason  of  low  light-reflecting  power  or  low 
intensity  of  light  falling  upon  them,  it  follows  that  most  objects 
of  this  nature  may  be  discerned  more  readily  as  the  background 
is  made  brighter. 

It  is  important  to  remember  that  it  is  the  distant  lamps  which 
determine  the  brightness  of  this  background.  Put  out  the  dis- 
tant lamps  which  affect  the  illumination  in  the  observer's  vicinity 
inappreciably,  and  immediately  discernment  of  nearby  objects  on 
the  street  is  rendered  more  difficult. 

A  fact  which  has  great  influence  upon  street  illumination  is 
that  within  wide  limits  the  apparent  brightness  of  a  surface  is 
independent  of  the  distance  between  that  surface  and  the  observer. 
Other  things  being  equal,  the  street  surface  ^  mile  (400  m.) 
from  the  observer  appears  substantially  as  bright  as  it  would  if 
observed  from  a  distance  of  1/16  mile  (100  m.)  and  from  the 
same  angle.  It  is  very  important  to  consider  this  fact  when 
studying  the  influence  of  distant  parts  of  the  street  upon  the 
discernment  of  nearby  objects.  In  order  to  see  a  vehicle  or 
pedestrian  in  the  street,  it  is  necessary  only  to  provide  a  sub- 
stantially bright  street  and  the  distance  of  the  street  surface 
background  from  an  observer  is  immaterial,  within  wide  limits. 

Imagine  a  street  which  ends  abruptly  at  a  distance  of  %' 
mile  (400  meters)  at  the  edge  of  a  field.  One  way  to  make  large 
objects  on  that  street  discernible  when  looking  toward  the  end 
of  the  street,  would  be  to  erect  a  board  fence  across  the  end 
of  the  street,   paint  the  fence  white  and  illuminate  it  brightly. 
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In  the  ordinary  street  the  distant  surface  is  the  equivalent  of 
such  a  fence. 

CONCI^USIONS. 

The  perception  of  large  objects  in  the  street  is  accomplished 
by  the  aid  of  light  falling  upon  the  objects  when  they  are  in  the 
immediate  vicinity  of  a  lamp,  and  elsewhere  when  for  some  rea- 
son or  other  there  is  no  bright  background  against  which  they 
may  be  contrasted.  Most  frequently,  however,  they  appear  sil- 
houetted against  a  lighted  background.  As  the  discernment  of 
large  objects  is  in  some  cases  the  most  important,  and  in  all 
cases  an  important,  purpose  to  be  achieved,  this  is  one  of  the  es- 
sential elements  of  the  problem  of  street  lighting.  Having 
failed  to  receive  due  recognition,  it  affords  a  new  viewpoint  from 
which  to  consider  the  whole  subject.  The  writer  hopes  at  an 
early  date  to  present  before  this  Society  supplementary  consid- 
erations which  this  point  of  view  adds  to  discussions  of  such 
aspects  of  the  problem,  as,  light  distribution,  uniformity,  glare, 
test  criteria,  etc. 

DISCUSSION  BY  NE:W  YORK  SEJCTION. 

Dr.  C.  H.  Sharp  : — The  author  has  directed  attention  to  the  im- 
portance of  illuminating  the  roadway  so  as  to  enable  objects 
on  the  roadway  to  be  perceived.  When  use  is  made  of  proper 
reflectors  placed  upon  lamps  mounted  at  the  proper  height  so 
as  to  illuminate  the  roadway  correctly,  objects  are  seen  sil- 
houetted against  the  lighted  background  as  described  by  the 
author.     A   street   may   be   excellently   lighted   in   this   manner. 

W.  H.  Gardiner: — Street  lighting  may  be  divided  into  three 
general  classes.  The  first  is  the  mere  marking  of  the  way  ?o 
that  a  person  may  be  able  to  follow  the  route.  The  second  is 
the  silhouetting  method,  which  is  much  better  than  the  first,  and 
is  probably  the  best  that  can  be  obtained  for  the  money  invested. 
However,  in  this  case  the  streets  are  merely  lighted,  there  being 
no  real  street  illumination.  The  third  class  is  street  illumina- 
tion. In  the  use  of  lamps  on  posts  along  the  street,  street  light- 
ing committees  are  apt  to  think  that  just  because  there  have  been 
installed  certain  ornamental  posts  with  decorative  lamps  the 
streets    are    being   lighted.     Unless   properly    designed,    the   last 
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form  of  lighting'  may  l)e  just  as  inferior  from  some  points  of  view 
as  the  first  two  classes.  What  is  really  desired  is  a  decorative 
form  of  lighting  which  will  thoroughly  and  efficiently  illuminate 
the  streets  without  introducing  objectionable  physiological  fac- 
tors. That  is  to  say,  illuminating  the  street  is  a  very  dififerent 
matter  from  merely  putting  lamps  along  the  route. 

Mr.  V.  R.  Lansingh  : — The  author's  idea  as  regards  silhouett- 
ing is  very  clever.  The  silhouetting  effect  can  be  rendered  more 
a]:)parent  in  street  lighting  by  eliminating  glare,  in  which  event 
vehicles  stand  out  more  j^rominently  against  the  lighted  street 
as  3.  backoTound. 
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PUBLIC  SCHOOL  ROOM  LIGHTING.^ 


T3Y   GKORGl:   W.    knight   AND   AI,BE:RT   JACKSON    MARSHALL. 


The  authors  herewith  present  the  results  of  a  number  of  tests 
conducted  for  the  Board  of  Education,  Newark,  New  Jersey, 
at  the  Burnett  Street  PubHc  School,  for  the  purpose  of  determin- 
ing the  most  desirable  lighting  system  for  employment  in  class 
rooms  in  public  schools  in  the  aforementioned  city.  The  first 
tests  were  made  June  17,  1908,  between  the  hours  of  8:00  and 
10:30  p.  m.  Further  tests  were  made  on  the  evenings  of  Jan- 
uary 8,  and  February  i,  1909,  between  the  same  hours.  In 
all,  nine  kinds  and  arrangemients  of  illuminants  were  tested. 
The  purpose  of  each  test  was  to  determine  the  average  intensity 
of  illumination,  over  the  desk  area,  and  the  maximum  variation 
from  this  average.  In  the  first  tests,  two  rooms  were  used, 
each  of  the  dimensions;  length,  32'  o";  width  24'  o";  height  12' 
3".  Ceiling  and  parts  of  side  walls,  not  taken  up  by  windows 
or  blackboards,  white  plaster,  woodwork,  light  oak.  Six  (6) 
outlets  were  available;  four  (4)  being  in  the  form  of  a  rectangle, 
one  in  the  center  of  the  room,  and  one  at  one  end  of  the  room 
over  the  teacher's  desk.  The  exact  location  of  these  outlets  is 
showm  in  Fig.   i. 

In  making  this  test  the  following  method  was  employed.  The 
northwest  quarter  of  the  room  was  divided  into  twelve  squares, 
each  4'  o"  to  the  side.  An  illuminometer  reading  was  taken 
at  each  test,  in  the  center  of  each  square,  and  the  average  of 
these  twelve  readings  was  considered  the  average  illumination 
in  the  room.  Readings  were  taken  at  the  height  of  the  desks 
above  the  floor  which  is  2'  3".  In  order  to  determine  the  maxi- 
mum variation  from  the  mean  illumination,  additional  readings 
were  taken  directly  under  the  outlet  included  within  this  quarter 
of  the  room'  and  directly  under  the  outlet  in  the  center  of  the 
room.     An  additional  reading  was  taken   in   the   center  of  the 

1  A  paper  presented  at  a  meeting  of  the  New  York  Section  of  the  Illuminating  Engi- 
neering Society,  New  York,  February  17,  1910. 


554      TRANSACTIONS  OF  lIvLUMINATiNG  e:NGIN£:KRING  SOCIETY 

teacher's  desk  which  is  2'  6"  above  the  floor.  Due  to  the  fact 
that  the  central  outlet  was  o'  6"  back  of  the  center  of  the  room, 
a  strip  at  the  forward  edge  of  the  room  o'  6"  in  width  was  neg- 
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Fig.  I.— L,ocations  of  outlets. 


lected,  thus  bringing  the  first  row  of  stations  2'  6"  from  the 
front  of  room  instead  of  2'  o". 

Alternating  current  of  60  cycles  was  used,  and  the  voltage 
varied  during  the  test  from   120  to  123.3. 

As  a  wattmeter  was  not  available  wattage  readings  were 
taken  with  an  ammeter  and  voltmeter.  Since  we  were  not  aware 
of  any  inductive  load  the  power  factor  was  assumed  to  be  unity 
or  nearly  such. 
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Illumination  readings  were  made  with  an  illuminometer.  The 
test  lamp  was  120  volts,  standardized  for  the  instrument,  and  was 
maintained  at  its  proper  voltage  by  means  of  a  rheostat  forming 
a  part  of  the  instrument  and  a  voltmeter.  The  voltmeter  used 
was  a  combined  alternating-current  and  direct-current  instru- 
ment. The  same  instrument  was  used  for  reading  both  the  line 
voltage,  and  the  voltage  on  the  standard  lamp.     Wattage  read- 


Fig.  2. — General  view  of  equipment. 

ings  were  taken  by  the  same  instrument  used  in  connection  with 
an  alternating-current   ammeter. 

Three  schemes  of  illumination  in  the  first  series  were  con- 
sidered : — • 

I.  The  lighting  equipment,  which  at  the  time  of  the  test  was 
in  use,  consisted  of  five  4-lamp  chandeliers  and  one  2-lamp 
chandelier,  the  latter  being  over  the  teacher's  desk.  Each 
illuminant  consisted  of  one  16  c-p.  clear,  carbon  filament  lamp, 
and  8>4"  flat  white  porcelain  reflector  with  2^"  holder. 
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The  bottom  of  the  lamp  came  to  a  point  6'  lo"  above  the 
floor.  On  the  4-lamp  fixtures,  the  spread  was  4'  o",  the  arms 
being  at  an  angle  of  45  degrees  from  a  line  parallel  to  side 
walls.  The  spread  of  the  chandelier  over  the  teacher's  desk 
was  2'  8",  arms  running  with  width  of  room.  This  equipment 
is  shown  by  photographic  view  of  room  as  indicated  by  Fig.  2. 

The  following  is  the  result  of  Test  No.  i,  the  arrangement 
of  which  is  indicated  by  Fig.  i. 

I.  Five  4-lamp  chandeliers  and  one  2-lamp  chandelier,  each 
lamp  consisting  of  a  16  c-p.,  115  volt,  clear,  carbon-filament 
lamp  and  Sy/'  flat  white  porcelain  reflector  with  standard  2>4" 
holder. 


Height    of    room    12' 

Height   of    desks    2' 

Height  to  bottom  of  lamp    6' 

Height  of  lamp  above  plane  of  illumination   4' 

Spread    of    4-lamp    fixtures    4' 

Spread  of  2-lamp  fixtures   2' 


10" 

7" 
0" 


Volts        Amp.  Watts 

Circuit  No.  i — Two  4-lamp  fixtures 

and  one   2-lamp   fixture    122        4.42        539.2 

Circuit  No.  2 — Three  4-light  fix- 
tures         121         5-36        648.6 


Watts  corrected 

for 

rated  voltage 


471.1 
581.6 


Total   watts    . . . 
Watts   per   lamp 


station 


Volts 


120. 


Reading  Mean 

foot-candles    foot-candles 


B      120.0 


120. 


D 


120. 


1-45 
1.40 

143 
2.00 

2.15 
2.15 

3-20 

3-10 
3.20 
2.20 
2.20 

2.2s 
4.20 


143 


2.10 


3-17 


1053.3 
47-9 

Mean  corrected 
for  rated  voltage 

1. 12 


1.67 


2.48 


1.66 
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Reading  Mean  Mean  corrected 

Station  Volts  foot-candles    foot-candles      for  rated  voltage 

E  120.0  4.10  4.13  3.28 

4.10 
4.60 

F   120.5  4.70  4.60  3.60 

4-50 
2.60 

G   120.5  2.60  2.57  2.01 

2.50 
4.70 

H    120.5  4-8o  4.73  3.69 

4-70 
5.0 

I    121. o  5.0  5.00  3.82 

5.0 
2.00 

J    120.5  2.10  2.03  1.59 

2.00 
3.10 

K    120.5  2.90  2.90  2.26 

2.70 
5-00 

L    121.0  5.10  5.03  3.84 

5.00 
6.00 

M    120.0  6.10  6.10  4.84 

6.20 
5.00 

O   120.0  5.00  4.97  3.94 

4.90 

Mean  foot-candles  throughout  room,  2.59. 

Mean   foot-candles  on   desks,   3.42. 

Maximum  variation  from  mean  throughout  room,  -)-86.9%. 

Maximum  variation  from  mean  on  desks,  +33-9%- 

Maximum  variation  at  station  M  in  each  case. 

2.  Five  75  c-p.,  frosted  tip  graphitized-filament  lamps  with 
prismatic  bowl  reflectors  with  Hght  interior  enamel.  The 
photometric  curve  of  the  lighting  unit  is  shown  in  Fig.  3. 

The  bottom  of  lamp  came  to  a  point  6'  10"  above  the  floor. 
The  locations  of  the  lighting  units  are  showin  by  Fig.  4. 
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Fig.  3. — I<ight  distribution  about  a  187-watt  granhitized-filament  lamp  equipped 
witli  a  prismatic  bowl  reflector  with  light  interior  enamel. 
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I'ig.  4.     Locations  of  lighting  units. 
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2.  5-1 15  volt,    187  watt,   75   c-p.,  frosted  tip  graphitized-fila- 

ment   lamps   with   prismatic   bowl   reflectors   with   light   interior 

enamel.     The  photometric  curve  is  shown  in  Fig.  3. 

Ceiling   height    12'       3" 

Desk  height    2!      3'' 

Height  to  bottom  of  lamp   10'      3" 


Height  of  lamp  above  plane  of  illumination 


Volts  Amp.  Watts 

Circuit  No.   i — 2  lamps   124.5        3.30        410.9 

Circuit  No.  2 — 3  lamps 122.0        4.95        603.9 

Total   watts    

Watts  per  lamp    


8        0 

Watts  corrected 

for 

rated  voltage 

354.3 
539.2 

893.5 
177.4 


Station 


Volts 


A    120.0 


B     120.0 


c 


120.5 


Reading  Mean  Mean  corrected 

foot-candles      foot-candles    for  rated  voltage 


1.70 
1.70 
1.75 

2,20 
2.20 
2.15 

2.25 
2.10 
2.10 


1.72 


2.18 


2.15 


1.40 


1.77 


I.7I 


D 


120.5 


2.10 
2.20 
2.20 


2.17 


1.72 


E   121. 0 


F 


G 


H 


120.5 


120.5 


120.5 


120.5 


3.20 
3.40 
3.30 

3.20 
3.20 
3.30 

2.40 
2.50 
2.50 

3.50 
3-70 
3.50 

3-90 
3.80 
3.80 


3.30 


3-27 


2.47 


3-57 


3.83 


2.58 


2.60 


1.96 


2.84 


3.04 
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Reading               Mean  Mean  corrected 

Station                                   Volts           foot-candles  foot-candles  for  rated  voltage 

2.10 

J     120.5                     2.20                    2.13  1.69 


2.10 
3.00 

K     120.5  2.80  2.87  2.28 

2.80 

,       3.90 

L    120.5  3-90  3.90  3.10 

3.90 

4.20 

M     120.5  4-30  4-30  3-41 

4.40 

3-70 

N    120.5  3-70  3-70  2.94 

3-70 

3-00 

O   120.5  2.90  2.93  3.32 

2.90 

Mean   foot-candles  throughout  room,  2.22. 

Mean  foot-candles  on  desks,  2.74. 

Maximum  variation  from  mean  throughout  room,  -|-53.6%. 

Maximum  variation  from  mean  on  desks,  -t-24.4%. 

Maximum  variation  at  station  M  in  each  case. 

This  equipment  is  shown  by  photographic  view  of  room  which 
follows. 

3.  Five  100-watt  lamps  with  light  frosted  tip  tungsten  lamps  and 
prismatic  l3owl  reflectors,  interior  enamel.  Bottom  of  lamp 
came  to  a  point  10'  3"  above  the  floor.  For  location  of  lig'ht- 
ing  units  see  Fig.  i.  Fig.  5,  which  is  a  view  of  this  room 
when  arrangement  number  2  was  being  tested,  will  give  quite 
a  clear  idea  of  the  appearance  of  arrangement  number  3.  For 
photometric  curve  see  Fig.  6. 

3.  Five  115  volt,  lOO-watt,  80  c-p.,  frosted  tip,  tungsten  lamps 
with  prismatic  inverted  bowl  reflectors  with  light  interior  enamel. 


Ceiling   height    12' 

Desk   height    2' 

Height  to  bottom  of  lamp   10' 

Height  of  lamp  above  plane  of  illumination   8'       0' 
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Fig.  5.     General  view  of  equipment. 


Fig.  6.     Distribution  of  light  about  a  loo-watt  bowl-frosted  tungsten  lamp  equipped 
with  a  pri.smatic  bowl  reflector  with  light  interior  enamel. 
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Watts  corrected 
for 
Volts         Amp.         Watts  rated  voltage 

^  *•  ICircuit  No.  1—2  lamps 121.0         1.50         181.5  167.2 

Circuit  No.  2—2,  lamps   120.5        2.45        295.5  274.1 

Total   watts    441-3 

Watts  per  lamp    88.3 

Reading  Mean  Mt  an  corrected 

Station  Volts  foot-candles      foot-candles     for  rated  voltage 

2.50 

A    I2I.5  2.25  2.57  2.10 

2.40 

2.80 

B -  121. 3  3.00  2.90   .  2.39 

2.90 
3.  TO 

C    121.5  3-00  3-03  2.47 

3.10 

3.10 

D  121.5  300  307  2.51 

3.10 

4.70 

K   121. 7  4.80  4.70  3.83 

4.60 

4.40 

F    122.3  4-50  4-43  3-53 

4.40 

3-50 

0    122.4  3.40  3-47  2.78 

♦  350 

5.00 

H   123.0  5.10  5.10  3.98 

5.20 
5.20 

1     T2I.0  5.10  5.07  4.22 

4.90 
3.00 

J     , 122.5  3.00  3.00  2.38 

3.00 

4.10 

K  123.3  3.90  4.00  3.08 

4.00 

5-40 

L    120.6  5.40  5.47  4.63 

5.60 
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Station 

M  .. 


N 


O 


Volts 
120.6 

122.2 

I2I.3 


Reading 


Mean 


foot-candles    foot-candles 
6.00 


5.80 
5.80 

540 

5.40 

5-40 

4.00 
3.90 
4.00 


S.87 


5.40 


3-97 


Mean  corrected 
for  rated  voltage 


4-97 


4.35 


3.27 


Mean  foot-candles  throughout  room,  3.16. 

Mean  foot-candles  on  desks,  3.88. 

Maximum  variation  from  mean  throughout  room,  +57-3%- 

Maximum  variation  from  mean  on  desks,  -f28.i%. 

Maximum  variation  at  station  M  in  each  case. 

COMPARISON  01^  THREE  SYSTEMS. 


System  No.  2 — 75  c.p.  gem  lamps  

System  No.  3 — lOO-watt  tungsten  lamps 
System  No.   i — 16  c.p.  carbon  lamps   . . 


Mean 
t-candles 

Total 
Watts 

2.74 

893-5 

3.88 

441-3 

3-42 

1053-3 

CORRECTIONS. 

Assuming  the  instruments  used  to  be  correct,  the  only  cor- 
rection necessary  is  that  for  the  voltage  supplied  the  lamps. 
Since  the  illumination  will  increase  directly  in  proportion  to  the 
increase  in  the  candle-power  of  the  lamps,  the  illumination 
readings  may  be  corrected  for  the  candle-power  which  the  lamps 
would  give  at  rated  voltage.  These  corrections  have  been  made, 
using  reliable  voltage  candle-power  characteristic  curves  for  the 
various  types  of  lamps  used. 

Correction  for  the  wattage  readings  obtained  were  made  from 
the  characteristic  voltage-wattage  curve  of  each  type  of  lamp. 
These  curves  were  obtained  from  the  same  source  as  the  voltage 
candle-power    curve. 

COMMENT    ON    METHOD    OE    EIGURING. 

In  obtaining  the  average  or  mean  foot-candles  throughout  the 
room,  all  points  except  M,  N  and  O  were  considered.  Readings 
were  taken  at  the  points  M  and  N  only  because  these  points 
were  likely  to  be  points  of  maximum  intensity.     Readings  were 
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taken    at   the    point    O    only   to    show    the    illumination    on    the 
teacher's  desk. 

While  the  value  of  mean  foot-candles  on  desks  is  nearly  cor- 
rect, it  cannot  be  taken  as  absolutely  accurate  for  this  reason: 
The  points  considered  were  E,  F,  H,  I,  K  and  L.  The  average 
of  these  points  should  give  the  average  of  the  area  comprising 
the  squares  of  which  each  is  the  center.  The  area  including 
the  desks  is  slightly  larger  than  this  area.  At  the  back  of  the 
room  and  at  the  front  of  the  room  the  desks  came  well  within 
the  area  considered.  On  the  sides,  however,  the  outer  edge  of 
the  desks  is  9-inches   outside  of  the   area  considered. 

CONSIDERATION   OE    SYSTEM    NO.    I. 

16    c.p.    carbon-jfilament   lamps. 

This  system  should  be  rejected  for  three  reasons: — 

1.  The  effect  of  the  lighting  system  as  a  whole  is  injurious  to 
the  eyes  of  the  pupils.  The  lamps  are  less  than  7'  o"  above  the 
floor  and  come  directly  within  the  range  of  vision.  The  lamps 
are  clear  and  the  reflector  used  does  not  hide  any  portion  of 
the  filament. 

2.  The  cost  of  operation  of  this  system^  is  excessive.  One 
outlet  more  than  in  the  other  systems  is  used,  thereby  causing 
a  higher  cost  for  wiring. 

3.  The  illumination  from  system  No.  2  is  inferior  to  that  ob- 
tained from  No.  3  and  No.  i.  Comparing  system  No.  i  with 
system  No.  2,  the  former  shows  3.42  foot-candles  on  the  desk, 
while  the  latter  shows  2.74.  It  is  probable,  however,  that  the 
effective  illumination  is  very  nearly  the  same  in  the  two  cases 
This  is  due  to  the  fact  that  the  eye  adjusts  itself  to  the  brilliancy 
of  the  light  sources  within  the  range  of  vision.  With  the  bare 
filament  in  the  range  of  vision,  the  aperture  of  the  eye  becomes 
smaller,  thus  allowing  less  light  to  effect  the  retina  than  would 
be  the  case  were  the  light  sources  absent.  The  illumination 
therefore,  appears  less  brilliant  than  it  really  is.  A  rough  com- 
parison by  the  eye  of  the  two  systems  shows  this  to  be  correct, 
and  if  any  difference  in  illumination  were  noticed,  it  would  be  '"n 
favor  of  system  No.  2. 
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COMPARISON    OF    SYSTEMS    NOS.    I,    2    AND    3. 

Systems  Nos.  2  and  3  are  both  superior  to  system  No.  i,  but  of 
the  two,  system  No.  3  has  the  following  advantages. 

1.  The  cost  of  maintenance  of  system  No.  2  is  in  excess  of 
system    No.    3. 

2.  The  illumination  obtained  from  system  No.  3  is  42  per  cent, 
higher  than  that  obtained  from  system  No.  2.  This  is  true  of 
the  effective  illumination,  as  well  as  the  actual  illumination  since 
the  light  sources  are  placed  at  the  same  height  in  each  case,  and 
are  well  above  the  range  of  vision,  with  the  brilliancy  of  the  light 
sources,  approximately  the  same  for  both  systems.  lUumin- 
ometer  readings  were  made  by  Albert  J.  Marshall,  voltmeter 
readings  by  C.  E.  Scribner  and  F.  W.  Loomis,  voltmeter  and 
ammeter  readings  for  wattage  by  Albert  J.  Marshall,  and  all 
readings  were  registered  by  T.  W.  Rolph. 

SECOND  SERIES  OI'  TESTS. 

In  the  tests  of  January  28  and  February  i,  1909,  one  of  the 
two  rooms  as  previously  described,  was  used.  On  these  two 
evenings  eight  tests  were  made.  For  convenience  in  chang- 
ing from  one  system  to  another,  parallel  copper  wires  were 
stretched  across  the  room  close  to  the  ceiling.  Wooden  rods 
were  placed  behind  these  wires  at  right  angles  to  them,  and  ar- 
ranged to  slide  in  a  direction  parallel  to  the  wires.  The  lamps 
were  connected  to  the  ceiling  outlets  by  flexible  cords,  which 
were  passed  through  a  ring  on  the  wooden  rods  so  that  the  units 
could  be  moved  along  the  wires  or  rod  or  placed  at  any  desired 
height. 

INSTRUMENTS. 

The  illuminometer  used  was  a  Sharp-Millar  photometer.  The 
standard  lamp  was  a  battery  lamp  operated  by  three  dry  cells 
and  maintained  at  its  proper  amperage  by  means  of  a  rheostat 
and  millivoltmeter.  The  voltmeter  used  was  a  combined  direct- 
current  and  alternating-current  instument  with  its  multiplier. 
Wattage  readings  were  taken  with  the  same  voltmeter  used  in 
connection  with  an  alternating-current  ammeter. 

METHOD   OE   TEST. 

The   lamps   were    arranged    according  to   the    scheme    to    be 
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used.  The  different  arrangements  are  shown  on  accompanying 
plans.  The  desks  were  numbered  and  illuminometer  readings 
were  taken  at  the  center  of  each  desk.  The  construction  of  the 
illuminometer  necessitated  taking  each  reading  at  a  point  6}^" 
above  the  level  of  the  desk,  making  the  plane  of  readings  2' 
7>^"  above  the  floor.  The  distance  of  the  lamps  above  the  plane 
of  readings  is  the  most  important  consideration,  however. 

The  current  supplied  was  alternating  current,  60  cycles,  and 
the  voltage  varied  during  the  tests  from  117.9  to  123.5. 

As  a  wattmeter  was  not  available,  wattage  was  obtained  by 
means  of  ammeter  and  voltmeter  readings.  The  power  factor 
is  assumed  to  be  unity,  since  the  presence  of  inductive  load  on 
the  circuit  is  improbable. 

CORRECTIONS. 

After  the  test,  the  lamp  and  photometer  were  calibrated  at  the 
Electrical  Testing  Laboratories,  readings  being  taken  by  Mr. 
Rolph  who  took  the  readings  during  the  tests.  A  correction 
factor  was  obtained  of  1.51  which  was  applied  to  the  readings 
as  taken.  The  other  instruments  used  were  recently  calibrated 
and,  therefore,  assumed  to  be  correct.  The  only  other  correction 
necessary  is  that  for  the  voltage  supplied  to  the  lamp.  Since 
the  illumination  will  vary  directly  in  proportion  to  the  variation 
in  the  candle-power  of  the  lamps,  the  illumination  readings  may  be 
corrected  for  the  candle-power  which  the  lamps  would  give  at 
rated  voltage.  Assuming  that  the  lamps  used  were  rated  correctly, 
these  corrections  have  been  made,  using  reliable  voltage  candle- 
power  characteristic  curves  for  the  various  types  oi  lamps  used. 
The  wattage  readings  were  similarly  corrected  for  rated  voltage. 

METHOD   OF   FIGURING. 

The  illumination  at  the  center  of  each  desk  is  assumed  to 
be  the  average  illumination  for  that  desk.  The  average  illumi- 
nation over  the  desk  area  is,  therefore,  the  average  of  the  values 
obtained  on  all  the  desks. 

In  tests  No.  3  and  No.  6  readings  were  taken  over  the  back 
half  of  the  room  only.  In  test  No.  3  the  same  equipment,  height 
and  spacing  were  used  as  in  test  No.  2,  with  each  unit  moved 
i'  6"  to  the  left  of  its  position  in  test  No.  2.  The  ratio  of  mean  foot- 
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candles  over  the  back  of  the  room  to  those  over  the  front  of  the 
room  in  test  No.  2  was  found.  This  ratio  is  assumed  to  be  true  for 
test  No.  3  and  was  used  to  obtain  the  average  intensity  over 
the  desk  area  for  that  test.     The  same  process  of  figuring  was 
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Fig.  7. — I^ocations  of  lighting  units. 

used  for  test  No.  6  in  connection  with  test  No.  5,  as  the  equip- 
ment, height  and  spacing  of  the  units  were  the  same  except  that 
in  test  No.  6  the  lamps  were  moved  i'  6"  to  left  of  their  position 
in  test   No.   5. 

In  reducing  the  illumination  to  equivalent  wattage  for  com- 
parison, the  wattage  in  each  case  is  taken  as  rated  wattage  of 
the  lamp. 

TKST    NO.    I. 
Fig.  7  shows  location  of  light  sources. 
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Nine-lamp  scheme,  lamps  arranged  symmetrically.  Each  unit 
consisted  of  one  115-volt,  lOO-watt,  40  c-p.,  bowl-frosted  graphi- 
tized-filanicnt  lamp  and  prismatic  bowl  reflector  with  enamelled 


Fig.   8. — Photometric  curve  for   loo-watt  bowl  frosted  graphitized-filament  lamp 
equipped  with  a  prismatic  bowl  reilector  with  light  interior  enamel. 


interior,  giving  the  photometric  curve 
Bottom  of  lamp  come  to  a  point  7' 


shown  in  Fig.  8. 

7/^"  above  plane  of  read- 


ings. 

Volts 

Circuit  Xo.   i — 3  lamps   118.6 

Circuit  No.  2 — 6  lamps   118.9 

Total  watts    

Watts  per  lamn   

Illumination 
Line  foot  candles 

Station  voltage  as  read 

I      121. 0  2.12 

I2I.0  2.10 

2 120.3  2.65 

120.3  2.62 

3  120.6  2.38 

120.5  ^'Zl 

4   120.6  2.36 

120.8  2..y7 


Amp.         Watts 

Watts  corrected 
tor 
rated  voltage 

2.70          320 

302 

5.20           023 

589 

891 

99 

Illumination 

foot  candles 

corrected  for 

illuminometer 

calibration 

Illumination  foot- 
candles  corrected 
for  rated  voltage 
and  average 
per  station 

3.20 

2.55 

3-17 

4.00 

3-28 

3.98 

3-6o 

2.90 

3.58 

3.56 

2.88 

3.58 
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5(39 


Illumination 
lyine  foot-candles 

Station  voltage  as  read 

5  120.5  2.15 

6  120.4  2.60 

7  120.2  2.59 

8 120.3  2.67 

9  120.2  2.28 

10  120.0  2.75 

11  120.7  2.63 

12  120.7  2.77 

13 121.6  2.92 

14  120.7  2.63 

15  120.8  2.41 

16  120.7  2.56 

17  120.6  2.98 

18  120.9  2.91 

19  120.3  2.68 

20  120.8  2.78 

21  120.5  3-22 

22  120.3  3-07 

23  120.7  2.95 

24 120.7  3.01 

25  121. 5  3-36 

26 120.0  2.74 

27  120.2  3.10 

28 120.0  3.31 

29  120.0  2.84 

30 120.2  2.50 

31  120.0  2.62 

32  120.2  2.25 

33  120.3  2.07 

34 120.3  2.45 

35 120.6  2.58 

36  120.7  2.62 

27  121. 2  2.92 

38  120.6  2.88 

39 120.7  2.76 

40 120.8  2.75 

41  120.4  2.82 

42 120.7  2.50 

43  120.7  2.93 

44  120.6  2.98 

45  120.8  2.38 

46 120.8  2.37 

47  120.8  2.75 

48 120.8  2.25 


Illumination 
foot-candles 
corrected  for 
illuminometer 
calibration 

3.25 

3-92 

3.91 

4-03 
3-44 
4.16 

3.97 
4.18 

4.41 
3.97 
3-64 
3.86 
4.50 
4.39 
4.05 
4.20 
4.86 

4-63 
4.46 

4.55 
5-07 
4-13 
4.68 
5-00 
4.28 
3.78 
3.96 
340 
3.12 
370 
3-90 
3-96 
4.41 
4-35 
4.17 
4-15 
4.26 

378 
4-43 
4.50 
3-6o 
3.58 
4.15 
3.40 


Illumination  foot- 
candles  corrected 
for  rated  voltage 
and  average 
per  station 

2.63 

3-17 

3.20 

3.29 
2.82 

3-44 
3.20 
3-36 

3-41 
3.20 

2.93 
3-II 
3.62 

3.53 
3-31 

3.38 
3-94 
379 
3-6o 

3-67 
3-94 
3-43 
3.82 

4.15 
3.56 
3.10 
3.28 
2.78 

2.55 
3.02 

3-14 
3.18 
3.52 
3.50 
3.35 
3.35 
346 
3-04 
3.56 
3.62 
2.90 
2.88 
3-35 
273 
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Not  corrected  for  voltage: 

Mean  foot-candles 4-05 

Mean  varWtion  from  mean   1.02  foot-candles   (Station  25) 

Maximum  variation  from  mean 25.2  % 

Corrected  for  voltage : 

Mean  foot-candles    3-29 

Maximum  variation   from  mean 87  foot-candles   (Station  28) 

Maximum  variation  from  mean   26.4  % 

TEST   NO.    2. 

For  location  of  light  sources,  see  Fig.  7. 

Nine-lamp  scheme,  lamps  arranged  symmetrically.  Each  unit 
consisted  of  one  115-volt,  lOO-watt,  40  c-p.,  bowl-frosted  graphi- 
tized-filament  lamp  and  prismatio  bowl  reflector,  enamelled 
interior.  Bottom  of  lamp  came  to  a  point  8'  yYz"  above 
the  floor,  or  6'  o"  above  plane  of  readings.  Wattage  same  as 
Test  No.  I.     For  photometric  curve  see  Fig.  8. 


Illumination     Illumination  foot- 
loot  candles      candles  corrected 


lyine 

Station  voltage 

1    II9-8 

2  119-7 

3 120.0 

4  120.0 

5  121.0 

6  120.5 

7  120.8 

8 120.9 

9  120.8 

10  120.9 

11   121.8 

12  121. 1 

13  119-8 

14 1 19.6 

15  121.4 

16 121. o 

17  120.8 

18  120.5 

19 121.0 

20 120.9 

21   121. 2 

22  121. 1 

23 120.8 

24  120.6 


Illumination 

foot-candles 

as  read 

corrected  for 

illuminometer 

calibration 

for  rated  v( 

and  aver 

per  Stat: 

I.7I 

2.58 

2.18 

2.25 

3-40 

2.86 

2.00 

3.02 

2.51 

2.19 

3.31 

2.75 

1.96 

2.96 

2.37 

2.35 

3.55 

2.87 

2.31 

3.49 

2.81 

2.50 

3.78 

3-04 

2.07 

3-12 

2.52 

2.54 

3.84 

3-08 

2.68 

4.05 

3.14 

2.83 

4.27 

3-40 

2.51 

3.79 

3-19 

2.24 

3.38 

2.84 

2.31 

3.49 

2.75 

2.43 

3-67 

2.94 

2.61 

3-94 

3.17 

2.58 

3.90 

3.14 

2.48 

3-74 

2.99 

2.72 

4.11 

3.31 

303 

4.58 

3.69 

2.95 

4.46 

3.54 

2.80 

4.23 

3.42 

2.91 

4.40 

3.55 
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Line 
Station  voltage 

25 121. 1 

120.3 

120.6 


26 
27 
28 
29 
30 
31 


II9.5 
II8.2 

II9.4 
1 19.8 


32 120.0 

33   118.7 

34 120.4 

35  119.9 

36 120.0 


37 
38 

39 
40 

41 


120.4 
119.8 
120.7 
120.8 
119.7 


42  120. 1 


43 
44 
45 
46 
47 
48 


1 16.8 
118.8 
1 1 8.8 
118.7 
1 18.8 
118.7 


Illumination 

foot-candles 

as  read 

3.09 

2.83 

3.03 

3.25 

2.59 

2.48 

2.=;5 
2.15 
1.92 
2.31 

2.35 
2.48 
2.78 
2.72 
2.82 

3-02 

2.43 
2.48 
2.36 
2.70 

2.33 
2.28 
2.40 

1.98 


Illumination  Illumination  foot- 
foot-candles  candles  corrected 
corrected  for  for  rated  voltage 
illuminometer       and  average 
calibration  per  station 

4.67 
4.27 


4.58 
4.91 
3.91 

375 
3.85 
3-25 
2.90 

3-49 
3.55 
3.74 
4.20 
4.1 1 
426 
4.56 
3.67 
3.74 
3.56 
4.08 
3-52 
3.44 
3.62 

2.99 


3.72 
3.49 
3.69 
4.13 
346 
3.17 
3-23 
2.69 

2.54 
2.82 
2.98 
3.11 
3.40 
3.44 
3.44 
3.69 
3.08 
3.08 
323 
2.56 

3.07 
3.02 
3.16 
2.63 


Not  corrected  for  voltage: 

Mean  foot-candles   3.76 

Maximum  variation  from  mean  1.18  foot-candles  (Station  i) 

Maximum  variation  from  mean 3i-4% 

Corrected  for  voltage: 

Mean  foot-candles   3.11 

Maximum  variation   from  mean   ....     1.02  foot-candles   (Station  28) 
Maximum  variation  from  mean  32.8% 

TEST  NO.  3. 

For  arrangement  of  light  sources,  see  Fig.  9. 

Nine-lamp  scheme,  lamps  moved  i'  6"  to  left  of  position  in 
Test  No.  2.  Each  unit  consisted  of  one  115-volt,  lOO-watt,  40- 
c-p.,  bov^l-frosted  graphitized-filament  lamp  and  prismatic  bowl 
reflector  with  enamelled  interior.  Bottom  of  lamp  came  to  a 
point  8'  7^"  above  floor,  or  6'  o''  above  plane  of  readings. 
Wattage  same  as  Test  No.  i.     For  photometric  curve  see  Fig.  8. 
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Fig.  9. — Arrangement  of  lighting  units. 


Line 

Station  voltage 

1    120.2 

2    120.4 

3  120.3 

4   120.2 

.s  119.4 

6  120.8 

7  120.7 

8  120.6 

9  1 19.8 

10  119.8 

11  119.7 

12  119.8 

29 1 19.8 


Illumination 

foot-candles 

as  read 

Illumination 
foot-candles 
corrected  for 

illuminometer 
calibration 

Illumination  foot- 
candles  corrected 
for  raied  voltage 

and  average 

per  station 

2.18 

3-29 

2.69 

2.67 

4.03 

3.26 

2.57 

3.88 

3.17 

2.63 

3-97 

3-25 

2.02 

3.0s 

2.58 

2.60 

3.92 

3-i6 

2.63 

3.97 

3.26 

2.90 

4.38 

3-54 

2.12 

3.20 

2.69 

2.61 

3-94 

3-19 

2.78 

4.20 

3.50 

3.02 

4.56 

3.82 

^•'/l 

4.18 

3-50 
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Station 
30    .. 


Illumination 

Illumination  foot- 

foot  candles 

candles  corrected 

Illumination 

corrected  for 

for  rated  voltage 

lyine 

foot-candles 

illuminometer 

and  average 

voltage 

as  read 

calibration 

per  station 

1 19.6 

2.50 

3.78 

3.17 

119-7 

2.39 

3.61 

3.04 

1 19.4 

2.14 

3-23 

2.73 

1 19.6 

1.90 

2.87 

2.42 

1 19.5 

2.41 

3.64 

1 19.8 

2.51 

3.79 

3-14 

120.2 

2.53 

3.82 

1 19.8 

2.45 

3.70 

3-11 

120.2 

2.55 

3.85 

3.14 

120.0 

1.88 

2.84 

2.36 

120.0 

1-33 

2.01 

1.66 

1 20. 1 

1.86 

2.81 

2.31 

120.2 

1.56 

2.36 

1.93 

31  

32 

33 

34  

35  

36  

45  120.0 

46 120.0 

47  120. 1 

48 

Not  corrected  for  voltage: 

Mean     foot-candles     (back     half     of 

room)    3.87 

Maximum  variation  from  mean  (back 

half  of  room)   — 1.86  foot-candles   (Station  46) 

Maximum  variation  from  mean  (back 

half  oi  room)    48.1% 

Mean    foot-candles      (whole      room, 

from  ratio  of  Test  No.  2) 4.22 

Maximum  variation  from  mean  (as- 
suming that  this  occurs  in  back 
half   of   room)     — 2.21  foot-candles 

Maximum  variation  from  mean   52.4% 

Corrected  for  voltage: 

Mean    foot-candles     (back     half     of 

room    2.94 

Maximum  variation  from  mean  (back 

half  oi  room)    — 1.28  foot-candles   (Station  46) 

Maximum  variation  from  mean  (back 

half  of  room)    43-6% 

Mean    foot-candles       (whole      room, 

from  ratio  of  Test  No.  2)    3.15 

Maximum  variation  from  mean  (as- 
suming that  this  occurs  in  back 
half  of  room)    — 1.49 

Maximum   variation    from   mean    ....47.8% 


I 


Fig.  10. — Arrangement  of  outlets. 


Fig.  II.  -Photometric  curve  of  125-watt  bowl-frosted  graphitized-filament  lamp  with 
prismatic  bowl  reflector  with  enamelled  interior. 


KNIGHT    AND    MARSHALIv  :       SCHOOL    ROOM    LIGHTING 


575 


TKST   NO.  4. 

For  arrangement  of  outlets  see  Fig.  10. 

Six-lamp   scheme,   lamps  arranged   symmetrically.     Each  unit 
consisted  of  one  ii8-volt,  125-watt,  50  c-p.,  bowl-frosted  graphi- 

tized-filament   lamp  and  prismatic  bowl  reflector  with  enamelled 
interior.     For  photometric  curve  see  Fig.  11. 

Bottom  of  lamp  came  to  a  point  9'  7^^"  above  the  floor,  or 
7'  o"  above  plane  of  readings. 


Volts         Amp. 

Circuit  No.  i — 4  lamps   121. 5        4.33 

Circuit  No.  2 — 2  lamps   121. 7        2.13 

Total   watts    

Watts  per  lamp    


Watts  corrected 
for 
Watts        rated  voltage 

526 


259 


500 
245 

745 
124 


station 
I    .  . 


10 


II 


12 


13 


yiiie 
Itage 

21.5 

21.6 

20.8 

21. 1 

21.4 

21.0 

20.5 

21.3 

21.6 

21.5 

21.8 
21.6 

21.7 

21.6 

20.7 
20.9 
21.4 

21.5 
21.3 

21.4 

21.4 

21.5 
21.3 
21.3 

21.0 
21.0 


Illumination 

foot-candles 

as  read 

1-53 
1.53 
1.83 
1.82 

1.97 
1.81 
1.81 
1.80 

1.73 
1-75 
2.13 
2.20 

2.31 
2.20 
2.13 
2.12 

1.59 
1.63 
1.87 
1.91 
2.05 
1.97 
2.13 
2.12 
2.00 
1.95 


Illumination 

foot-candles 

corrected  for 

illuminometer 

calibration 

2.31 

2.31 
2.76 

2.75 
2.98 
2.74 
2.74 
2.72 
2.61 
2.64 
3.22 

3-32 
349 
3-32 
3.32 
3.20 
2.40 
2.46 
2.82 
2.88 
3.10 
2.98 
3.22 
3.20 
3.02 
2.94 


Illumination  foot- 
candles  corrected 
for  rated  voltage 
and  average 
per  station 

2.02 


2.46 
2.52 
2.46 
2.31 
2.87 
2.99 

2.88 
2.14 
2.52 
2.60 
2.86 
2.67 
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Line 
Station  voltage 

14 I2I.0 

120.8 

15 120.8 

120.8 

16 120.9 

120.9 

17    I2I.8 

120.9 

18    I2I.2 

121. 0 

19    I2I.2 

121. 2 


120.9 

120.5 

I2I.8 

121. 7 

121. 5 

I2I.9 

I2I.8 

120.9 

24    I2I.2 

121. 0 


20 


21 


22 


23 


Illumination 
foot-candles 
as  read 

1.96 
1.94 
I.81 
1.78 

1.86 
1.86 

2.35 
2.31 

2.19 
2.17 

2.15 
2.06 

2.08 
2.05 

2.14 
2.12 
2.12 
2.07 

2.14 
2.  II 

2.00 
2.08 


Illumination 

foot-candles 

corrected  for 

illuininometer 

calibration 

2.96 

2.93 

2.74 

2.69 

2.81 
2.81 

3.55 
3-49 

3-41 
3.28 

3-25 
3-II 

3.14 
3.10 

3-23 
3.20 

3-20 

3.12 

3.23 
3.19 
3.02 

3-14 


Illumination  foot- 
candles  corrected 
for  rated  voltage 
and  average 
per  station 

2.66 


2.45 
2.54 
310 
2.94 
2.82 
2.82 

2.8l" 

2.78 
2.81 
2.75 


Not  corrected  for  voltage : 

Mean   foot-candles    3-00 

Maximum  variation  from  mean   .... —  .69  foot-candles   (Station     i) 
Maximum  variation  from  mean   23,0% 

Corrected  for  voltage : 

Mean   foot-candles    2.66 

Maximum  variation  from  mean   .... —  .64  foot-candles   (Station     i) 
Maximum    variation    24.1% 

TEST  NO.   5. 

For  arrangement  of  light  sources,  see  Fig.   10. 

Six-lamp  scheme,  lamps  arranged  symmetrically.  Each  unit 
consisted  of  one  115-volt,  60-watt,  bowl-frosted  tungsten  lamp 
and  prismatic  reflector  having  satin  finish.  For  photometric 
curve  see  Fig.  12. 

Bottom  of  lamp  came  to  a  point  9'  7^"  above  the  floor,  or  7' 
o"   above  plane  of  readings. 


Circuit    No.    i — 2    lamps 

Total   watts    

Watts  per  lamp   . . . . 


Volts 

121.5 
121.5 


Amp. 
I. II 
2.01 


Watts 

135 

244 


Watts  corrected 
for 
rated  voltage 

124 
224 


348 
58 
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Fig.  12. — Photometric  cm  ve  of  6o-\vatt  bowl-frosted  tungsten  lamp  with 
prisnialic  reflector  having  satin-finish  interior. 


lyine 
Station  voltage 

1    121. 9 

122.0 

2    122.0 

I2I.8 

3    122.2 

122.2 

4    122.2 

121. 1 

^    121. 9 

122.3 

6    122.2 

121. 9 

7  121. 6 

I2I.7 

8    122.0 

1 22. 1 

9 I22.I 

122.0 

10    I2I.9 

121. 9 

11     I2I.6 

I2I.9 

12    121. 9 

T22.0 


Illumination 

foot-candles 

as  read. 

Illumination 
foot  candles 

corrected  for 
illuminometer 

calibration 

1.48 

2.24 

1.63 

2.46 

1.92 

2.90 

1.86 

2.81 

2.02 

3-05 

•    1.96 

2.96 

1.98 

2.99 

2.10 

3-17 

1.91 

2.88 

1.92 

2.90 

2.20 

3-32 

2.12 

3.20 

2.36 

3-56 

2.40 

3.62 

2.35 

3.55 

2.38 

3.60 

1.85 

2.80 

1.65 

2.49 

2.12 

3.20 

2.03 

3.06 

2.17 

3-28 

2.22 

3-36 

2.27 

3-43 

2.25 

340 

Illumination  foot- 
candles  corrected 
for  rated  voltage 

and  average 

per  station 

1.90 


2.31 
2.40 

2.48 
2.32 
2.63 
2.93 

2.86 

2.13 

2.54 
2.69 

2.75 


:)/ 
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Illumination  Illumination  foot- 
foot  candles  candles  corrected 
Illumination         corrected  for  for  rated  voltage 
lyine             foot-candles        illuminometer        and  average 
Station                            voltage               as  read                calibration  per  station 

13    122.2  2.25  3.40  2.72 

122. 1  2.22  3.36 

14 122.4  2.09  3.16  2.57 

122.4  2,20  3.32 

15    122.6  2.II  3.19  2.52 

122.2  2.09  3.16 

16 123.0  2.14  3.23  2.58 

122.9  2.24  3.38 

17    122.0  2.37  3.58  2.98 

122.2  2.54  3.84 

18    122.2  2.30  3.48  2.82 

122.0  2.35  3.55 

19 122.4  2.35  3.55  2.70 

122.5  2.18  3.29 

20    122.9  2.44  3.68  2.93 

122.8  2.62  3,96 

122.9  2.35  3.5s 

21   122.3  ^-Zl  3-58  2.86 

122. 1  2.34  3.53 

22  122.2  2.36  3.56  2.80 

122.0  2.23  3.36 

2}^    122.2  2.16  3.26  2.63 

122.6  2.20  3.32 

24 122.3  2.12  3.20  2.57 

122.5  2.14  3.23 

Not  corrected  for  voltage : 

Mean  foot-candles    3.26 

Maximum  variation  from  mean   .... —  .91  foot-candles   (Station     i) 

Maximum  variation  from  mean   27.9% 

Corrected  for  voltage : 

Mean   foot-candles    2.61 

Maximum  variattion  from  mean  .... —  .71 

Maximum  variation  from  mean   ....  27.2% 

TEST   NO.  6. 

For  arrangement  of  lig-ht  sources,  see  Fig.  13. 

Six-lamp  scheme,  lamps  moved  over  \'  6"  to  left  of  position 
in  Test  No.  5.  Each  unit  consisted  of  one  115  volt,  60  watt, 
bowl-frosted  tungsten  lamp  and  prismatic  reflector  with  satin 
finish.  Bottom  of  lamp  came  to  a  point  9'  7^"  above  the  floor, 
or  7'  o"  above  plane  of  readings.  Wattage  same  as  Test  No.  5. 
For  photometric  curve  see  Fig.   12. 
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Fig.  13.— Arrangement  of  lighting  units. 


lyine 
Station  voltage 

1    122. 1 

122.6 

2    122.6 

122.6 

3    122.8 

122.7 

4  122.7 

122.7 

5  123.2 

1 23. 1 


Illumination 

foot-candles 

as  read 

1.94 
2.05 

2.38 
2.58 

2.52 
2.70 

2.61 
2.60 

1.90 
1.92 


Illumination     Illumination  foot 
foot-candles      candles  corrected 
corrected  for    for  rated  voltage 
illuminometer       and  average 
calibration  per  station 


2.93 
3.10 

3.60 

3-90 
3.80 
4.08 

3.94 
3.93 

2.87 
2.90 


2.39 
2.98 
3.12 
3.11 
2.24 
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Station 

6  .. 

7  •  • 

8  .. 

9  .. 

10  . . 

11  . . 

12  . . 

29  .. 

30  .. 

31  •• 

32  .. 

33  •■ 

34  •• 

35  •■ 

36  .. 

45  •• 

46  .. 

47  •• 

48  .. 


Illumination 

Illumination  foot- 

foot- can  dies 

candles  corrected 

Illumination 

corrected  for 

for  rated  voltage 

lyine 

foot-candles 

illuminometer 

and  average 

voltage 

as  read 

calibration 

per  station 

123.2 

2.27 

3.43 

2.58 

123.2 

2.13 

3-22 

123.4 

2.35 

3-55 

2.80 

123.2 

2.41 

3-64 

122.7 

2.40 

3-^2 

2.84 

122.9 

2.39 

3-61 

123.3 

1.86 

2.81 

2.18 

123.2 

1.83 

2.76 

123.3 

2.08 

3.14 

2.43 

123.5 

2.07 

3-12 

120.2 

2.1 1 

3-19 

2.69 

120.5 

2.11 

3-19 

120.5 

2.25 

3-40 

2.87 

II9.4 

2.19 

3-31 

II9.8 

2.11 

3-19 

2.72 

II9.7 

2.06 

3-1 1 

II9.8 
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Not  corrected  for  voltage: 

Mean     foot-candles      (back   half    of 

room    2.86 

Maximum  variation  from  mean  (back 

half   of   room)    — 1.29  foot-candles   (Station  48) 

Maximum  variation  from  mean  (back 

half  of  room)    45-1% 

Mean  foot-candles  (whole  room,  from 

ratio  of  Test  No.  5)    3.02 

Maximum  variation  from  mean  (as- 
suming that  this  occurs  in  back 
half   of    room)    — 1.48  foot-candles 

Maximum  variation  from  mean   ....  49.0% 

Corrected  for  voltage : 

Mean      foot-candles      (back    half    of 

room)    2.33 

Maximum  variation  from  mean  (back 

half  of  room)    — 1.02  foot-candles   (Station  48) 

Maximum  variation  from  mean  (back 

half  of  room)   43-7% 

Mean  foot-candles  (whole  room,  from 

ratio  of  Test  No.  5)   2.44 

Maximum  variation  from  mean  (as- 
suming that  this  occurs  in  back 
half  of  room)    — 1.13  foot-candles 

Maximum  variation  from  mean  46.3% 

TEST   NO.  7. 
For  arrangement  of  outlets  see  Fig.  13. 
Six-lamp  scheme,  lamps  arranged  in  same  manner  as  in  Test 


Fig.  14.— Photometric  curve  of  125-watt  bowl-frosted  graphitized-filainent 
lamp  with  clear  prismatic  reflector;  readings  made  in  vertical  plane. 
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No.  6.  Each  unit  consisted  of  one  ii8-volt,  125-watt,  50  c-p., 
bowl-frosted  graphitized-filament  lamp  and  clear  prismatic  re- 
flector.    For  photometric  curve  see  Fig.  14. 

Bottom  of  lamp  came  to  a  point  9'  7^"  above  the  floor,  or  7' 
o"  above  the  plane  of  readings.     Wattage  same  as  Test  No.  4. 
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Station 

32  .. 

33  .. 
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voltage 
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2.36 


mean   —  .80  foot-candles   (Station  48) 

mean   33-9% 


TKST  NO.  8. 

For  arrangement  of  light  sources,  see  Fig.  i. 

Five-lamp  scheme,  lamps  arranged  symmetrically.  Each  unit 
consisted  of  one  117-volt,  187-v^att,  75-c.-p.,  bov^l-frosted  graphi- 
tized-filament  lamp  and  prismatic  bowl  reflector  with  light 
interior  enamel.  Bottom  of  lamp  came  to  a  point  9'  75^" 
above  the  floor,  or  7'  o"  above  the  plane  of  readings.  For 
photometric  curve  see  Fig.  3. 
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COMPARISON  01^  EIGHT  SCHEMES. 

Some  time  after  the  completion  of  these  tests,  scheme  No.  5 
was  installed  in  a  few  of  the  class  rooms.  From  this  system 
a  mean  foot-candle  intensity  of  illumination  of  2.61  was  obtained, 
which  intensity,  however,  apparently  was  not  sufficient  to  meet 
all  requirements,  resulting  in  the  following  change:  100  watt 
bowl-frosted  tungsten  lamps  were  used,  instead  of  60  watt  lamps 
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and  more  suitable  satin-finished  prismatic  reflectors  were  selected. 
The  authors  had  intended  making  an  illuminometer  test  of  this 
re-arrangement,  but  owing  to  the  lack  of  time,  were  unable 
to  carry  out  their  desire.  In  order  to  arrive  at  the  mean  foot- 
candle  intensity  of  illumination  obtained  by  this  system,  for  all 
practical  purposes,  we  can  deduce  such  figures  from  the  ratio 
of  the  sizes  of  the  lamps,  namely,  60  to  100.  By  this  method 
we  arrived  at  a  figure  of  3.65  foot-candles.  It  is  to'  be  hoped 
that  detailed  figures  based  on  actual  tests  of  this  installation,  may 
be  forthcoming  in  the  near  future. 

This  system  is  now  standardized  for  the  public  schools  in 
Newark,  New  Jersey.  When  it  was  first  installed,  there  was 
more  or  less  objection  to  it,  on  the  part  of  the  instructors.  The 
chief  objection  being,  that  inasmuch  as  the  light  sources  were 
so  much  further  removed  from  the  plane  of  illumination  than 
were  the  four-lamp  chandeliers,  they  did  not  produce  the  same 
amount  of  illumination,  and  as  the  light  sources  were,  to  a  meas- 
ure, surrounded  by  diffusing  and  reflecting  mediums,  thus  re- 
ducing their  intrinsic  brilliancies  and  thereby  removing  their 
intense  glare,  that  they  were  not  so  effective  as  the  four-lamp 
system  hung  low  with  bare  lamps,  directly  within  the  field  of 
vision.  However,  as  the  instructors  became  acquainted  with  tlie 
value  of  the  system,  they  were  inclined  to  view  the  change 
in  a  different  manner,  until  now  every  instructor  and  pupil  work- 
ing under  this  system-  has  nothing  but  unqualified  praise  for  it. 
The  Board  of  Education  are  thoroughly  satisfied  with  the  illumi- 
nation results  produced,  and  likewise  the  economy  of  operation 
effected.  With  the  scheme  previously  used,  each  room  cost 
twelve  cents  per  hour  to  operate,  while  with  the  present  system, 
the  cost  is  six  cents  with  a  material  increase  in  effective  illu- 
mination, and  last,  but  by  no  means  least,  protection  to  the  eye. 

The  illuminometer  readings  were  made  by  T.  W.  Rolph,  volt- 
meter and  ammeter  readings  by  H.  S.  Whiting  and  H.  W.  Shall- 
ing,  ammeter  readings  for  wattage  by  T,  W.  Rolph  and  all  read- 
ings were  registered  by  E.  B.  Rowe. 
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THE  LIGHTING  OF  A  BOWLING  ALLEY.^ 


BY   THOMAS   W.   ROLPH. 


The  science  of  illuminating  engineering  is  so  new  that  there 
are  still  many  important  problems  which  have  received  scant  con- 
sideration. Bowling  alley  lighting  is  one  of  these.  Up  to 
the  present  time,  little  seems  to  have  been  written  on  the  sub- 
ject, although  it  contains  engineering  features  of  considerable 
interest.  Furthermore,  the  sport  of  bowling  is  becoming  more 
and  more  popular  and  the  present  lighting  of  alleys  is,  in  most 
cases,  poor,  to  say  the  least.  This  paper  comprises  a  descrip- 
tion of  a  successful  bowling  alley  installation,  results  of  illumin- 
ation tests  on  the  installation  and  a  consideration  of  the  import- 
ant points  brought  out  thereby. 

The  standard  bowling  alley  is  63  feet  in  length  from  the  foul 
line  to  the  pit.  The  runway  extends  15  feet  back  from  the  foul 
line.  The  pins  occupy  a  space  of  3  feet  at  the  end  of  the  alley. 
The  width  of  an  alley  is  3  ft.  6  in.  or  5  feet  including  the  9  in. 
gutter  on  each  side.  The  entire  length  of  the  alley  should  be 
lighted  well  enough  for  a  ball  to  be  seen  plainly  at  any  point. 
The  pins  should  receive  additional  illumination  sufficient  to 
make  them  stand  out  clearly  against  the  dark  background  of  the 
pit.  The  lighting  must  be  accomplished  by  means  of  lamps  en- 
tirely hidden  from  the  eyes  of  a  bowler  standing  at  any  point  on 
the  runway.  It  is  desirable  also  to  protect  the  eyes  of  the 
bowler  from  the  regular  reflection  of  the  light-sources  on  the 
surface  of  the  alley,  which  is  polished.  This  regular  reflection 
is  a  common  fault  in  bowling  alley  lighting,  appearing  as  a 
series  of  bright  spots  on  the  surface.  It  would  seem  that  the 
best  method  of  fulfilling  the  illumination  requirements  is  by 
the  use  of  a  row  of  light-sources  over  the  alley,  each  light-source 
directing  the  maximum  quantity  of  light  in  the  direction  of  the 
pins,  and  allowing  no  light  to  reach  the  bowler's  eyes  either 
directly  or  regularly  reflected  from  the  surface  of  the  alley. 
The  lighting  of  the  pins  must  be  treated  as  a  separate  problem 

I  A  paper  read  before  the  New  York  Section  of  the  Illuminating  Engineering  Society 
on  Jan.  20,  1910. 
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of  local  illumination  superimposed  upon  the  general  illumination. 
The  lighting  of  the  runway  should  be  treated  as  a  separate 
problem  and  good  general  illumination  provided. 

The  installation  here  described  is  made  along  these  general 
lines.  This  installation  is  ''The  Brunswick''  located  in  Newark, 
Ohio.  It  comprises  5  alleys,  used  for  ten  pins,  duck  pins  and 
quintette.  Each  alley  is  lighted  by  one  row  of  8  lamps,  each 
consisting  of  a  40-watt  clear  tungsten  lamp,  equipped  with  a  steel 


I 


Fig.  I. —  Uluminated  bowling  alley 


reflector  giving  the  distribution  shown  in  Fig.  4.  The 
light-units  are  placed  9  feet  apart  and  9  feet  from  the  floor  to 
the  center  of  the  lamp.  The  first  light  is  placed  directly  over 
the  foul  line,  thus  bringing  the  seventh  light  54  feet  from  the 
foul  line  or  9  feet  from  the  pit.  The  eighth  light  is  used  to 
produce  the  higher  illumination  at  the  pins.  This  light-unit 
itself  is  the  same  as  the  other  seven,  but  it  is  placed  5  feet  from 
the  end  of  the  alley  and  5  ft.  6  in.  above  the  floor.  The  run- 
ways for  the  five  alleys  are  lighted  by  two  lOO-watt  lamps  with 
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"intensive"  prismatic  reflectors.  Fig.  i  shows  a  night  photo- 
graph of  the  installation.  The  two  lamps  shown  on  the  ceiling 
over  the  alleys  are  for  the  purpose  of  providing  a  low  general 
illumination  when  the  alleys  are  being  cleaned  or  at  other  times 
when  they  are  not  in  use.  Fig.  2  shows  a  plan  and  elevation 
giving  the  location  of  lamps. 

The  type  of  steel  reflector  used  is  illustrated  in  Fig.  4 
which  also  gives  the  photometric  curve  of  the  light-unit. 
The  reflector  is  of  the  30°  angle  type  and  is  63^  in.  in  diameter. 
The  maximum  candle-power  with  a  40-watt  lamp  is  74  and  is 
at  an  angle  of  about  45°  from  the  vertical. 

The     illumination     readings     were     made     with     a     standard 
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Fig.  2.— Plan  and  elevation  of  the  lighting  equipment. 

illuminometer.  The  voltage  was  read  simultaneously  with  each 
illumination  reading  and  the  illumination  readings  corrected  to 
the  rated  voltage  of  the  lamps,  by  means  of  the  characteristic 
curve  of  the  tungsten  filament.  The  rated  voltage  of  the  lamps 
was  113  and  the  voltage  varied  from  108.7  to  115.5. 

The  readings  were  taken  with  the  photometer  placed  on  the 
floor.  During  the  horizontal  readings,  the  light-units  were 
raised  above  9  feet,  a  distance  equal  to  the  height  of  the  test 
plate  of  the  instrument  above  the  floor.  During  the  vertical 
readings,  the  lamps  were  at  the  correct  height  above  the  floor. 
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The  following  tests  were  made,  all  with  the  light-units  over 
alley  No.  i  only,  lighted: 

Test  No.  I — Alley  No.  i. 

Test  No.  2 — Alley  No.  2. 

Test  No.  3 — Alley  No.  3. 

Test  No.  4— Alley  No.  4. 

Test  No.  5— Alley  No.  5. 

Test  No.  6 — Along  a  line  2  ft.  7  in.  from  the  center  line  of 
alley  No.  i. 

Test  No.  7 — Alley  No.  i  with  4  light-units  9  ft.  apart  and  9 
feet  high,  each  light-unit  consisting  of  a  40-watt  clear  tungsten 
lamp  and  steel  reflector. 

Test  No.  I  shows  the  illumination  on  a  single  alley.  The 
illumination  is  shown  graphically  in  Fig.  5,  which  also  shows 
the  calculated  illumination.  The  maximum  deviation  from  the 
mean  along  the  alley  is  17.1  per  cent.,  while  the  greatest  devia- 
tion of  adjacent  high  and  low  points  from  their  mean  is  14.2 
per  cent. 

The  latter  figure  would  seem  to  be  the  most  important,  in  a 
test  of  this  nature,  since  a  gradually  increasing  illumination  thus 
giving  a  high  maximum  deviation  from  the  mean  would  not  nec- 
essarily be  objectionable,  while  with  the  same  or  lower  maximum 
deviation  from  the  mean,  it  would  be  decidedly  objectionable  to 
have  a  comparatively  high  deviation  of  adjacent  high  and  low 
points  from  their  mean.  This  point  will  be  taken  up  further 
under  the  consideration  of  test  No.  7.  The  difference  between 
the  calculated  illumination  and  the  measured  illumination,  is 
a  matter  of  some  interest.  The  percentage  difference  is  higher 
at  the  high  points  (half-way  between  light-units)  along  the 
alley  than  at  the  low  points  (directly  under  light-units).  The 
most  probable  reason  for  this  is  that  commercial  variations  in 
the  lamp,  reflector  and  socket  cause  the  distribution  of  light 
to  be  different  from  that  obtained  in  the  laboratory.  Another 
possible  explanation  is  a  variation  of  the  test  plate  in  the  pho- 
tometer from  the  cosine  law. 

Supplementing  the  test  figures,  it  may  be  stated  that  the  alley 
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appeared  exceptionally  well  lighted.  The  illumination  along 
the  alley  appeared  low,  but  sufficient  for  illuminating  a  ball  so 
that  its  movements  could  be  distinctly  seen.  The  points  of  high 
and  low  intensity  shown  by  the  illumination  curve,  were  easily 
discernible  but  not  objectionable.  The  pins  stood  out  plainly 
against  the  back-ground  of  the  pit.  The  lamps  were  entirely 
hidden  from  the  eyes  of  a  bowler.  Regular  reflection  on  the 
alley  was  obtained  from  the  second  lamp  only  and  the  candle- 
power  in  the  direction  of  the  light-rays  reflected  to  the  eye  is  so 
low,  as  shown  by  the  photometric  curve,  that  the  glare  on  the 
surface  of  the  alley  was  hardly  noticeable.  No  regular  reflec- 
tion is  received  from  the  first  light-unit,  over  the  foul  line,  since 
the  surface  of  the  runway  is  not  polished. 

Tests  Nos.  2,  3,  4  and  5  were  made  for  the  purpose  of  de- 
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Fig.  3. — Illumination  along  the  alley 


termining  how  much  the  illumination  on  an  alley  is  increased  by 
the  lamps  over  the  other  alleys.  Fig.  5  shows  graphically  the 
results  on  the  five  alleys  when  alley  No.  i  alone  is  lighted.  The 
increase  is  greater  than  one  would  estimate  by  observation. 
When  the  five  alleys  are  all  lighted,  the  illumination  does  not  ap- 
pear to  be  markedly  better  than  when  one  alley  alone  is  lighted, 
except  that  in  the  former  case  it  appears  more  uniform.  When 
all  the  alleys  are  lighted,  the  illumination  on  each  alley  appears 
uniform  to  the  eye. 

The  illumination  on  one  of  two  alleys,  when  each  are  lighted 
by  a  row  of  lamps  is  found  by  adding  the  values  of  tests  Nos.  i 
and  2.     The  illumination  on  the  center  alley  of  the  five,  when 
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all  are  lighted,  is  the  sum  oi  the  values  of  test  No.  i,  twice  the 
values  of  test  No.  2  and  twice  the  values  of  No.  3.  The  illumi- 
nation on  alley  No.  i  when  all  5  are  lighted  is  the  sum  of  the 
values  obtained  in  tests  Nos.  i,  2,  3,  4  and  5.  The  value  ob- 
tained in  test  No.  5  is  so  small,  however,  that  it  can  be  neglected. 
The  fact  that  an  alley  lighted  with  3  foot-candles  (alley  No. 
3  when  all  are  lighted)  appeared  only  slightly  better  than  one 
lighted  with  i  foot-candle  is  evidence  of  the  leniency  with  which 
the  eye  judges  illumination.  One  may  conclude  from  the  results 
of  these  tests  and  observation  of  the  alley  that  it  is  desirable  to 
have  an  intensity  of  i^  to  2  foot-candles  (horizontal  illumina- 
tion) along  an  alley  and  4  to  5  foot-candles  vertical  illumination 
on  the  pins.     The  latter  will  cause  a  horizontal  illumination  of 


Figf.  4. — Steel  reflector  and  candle-power  distribution. 

about    the    same    intensity   on    the    space   occupied   by    the    pins. 

Test  No.  6  was  made  to  determine  the  illumination  when  a 
row  of  lamps  is  placed  between  two  alleys.  The  readings  were 
made  along  a  line  2  ft.  7  in.  from  the  center  line  of  alley  No.  i, 
with  the  lamps  over  alley  No.  i  only,  lighted.  The  illumination 
obtained  is  shown  graphically  in  Fig.  6.  This  curve  holds  for  a 
height  of  9  feet,  but  by  comparing  it  with  curves  i  and  3  of  Fig. 
5,  it  will  be  seen  that  for  all  ordinary  heights,  this  is  a  very  good 
method  of  lighting  a  number  of  alleys.  Each  alley,  however, 
should  have  a  light-unit  for  illuminating  the  pins. 

Test  No.  7  was  made  for  the  purpose  of  determining  the  low- 
est possible  observable  variation  in  illumination  on  an  alley.  With 
the  lamps  9  ft.  apart,  a  reflector  was  selected  and  the  height 
so  adjusted  that  the  difference  in  illumination  between  two  points 
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TABLE  II.— Test  No.  6. 
Readings  on  a  line  2  ft.  7  in.  from  center  line  of  alley  No.  i. 
lyight-units  over  alley  No.  i  only,  lighted, 
station  Horizontal  foot-candle 

A .471 

B .824 

c .757 

I^ -953 

E .982 

E 1. 15 

G .929 

H 1. 10 

1 .980 

J 1.07 

K 1.03 

L .973 

M .881 

R 1.05 

S 1.23 

T 1.93 

'Mean  ft.-c.  along  alley i.or 

Max.  deviation  from  mean  along  alley .  14  ft.-c. 

13.9% 
Station  of  max.  deviation F 

Max.  deviation  of  adjacent  high  and   low  points 

from  their  mean .086  ft.-c. 

8.5% 

Mean  of  the  two  stations i  .01 

Stations G,  H 

TABLE  III. -^ Test  No.  7,  for  Observable  Variation  in  Illumination. 
Two  stations  selected  by  the  eye  as  points  of  maximum  and  minimum 

intensity;  approximately  4^  feet  apart, 
station  Foot-candles 

Maximum  point  1.16 

Minimum  point i.io 

Mean • 1.13 

Deviation  from  mean .03  ft.-c. 

2.7^<^ 

approximately  4J/2  feet  apart  was  barely  discernible.     The  illumi- 
nation at  these  two  points  was  then  measured.     The  deviation 
of  each  point  from  the  mean  of  the  two  was  2.7  per  cent. 
To  one  accustomed  to  working  on  other  classes  of  lighting  in- 

'  stations  E,  F,  G,  H,  I,  J.  K,  M  and  R  only,  considered.  These  give  a  fair  indication 
of  the  mean,  neglecting  local  illumination  at  the  pins  and  low  points  near  the-riinway. 
These  low  points  will  be  brought  up  by  the  lamps  over  the  runway. 
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atallations,  this  is  a  surprising  fact.  In  stores,  offices,  assem- 
bly halls,  etc.,  a  deviation  of  30  to  40  per  cent,  from  the  mean 
is  considered  uniform  for  all  practical  purposes.  In  that  class 
of  work  the  eye  cannot  detect  deviations  of  less  than  approxi- 
mately 25  per  cent.  Distinction  should  be  made,  however,  be- 
tween maximum  deviation  which  the  eye  can  detect,  and  maxi- 
mum deviation  which  is  not  objectionable.  In  store-lighting,  for 
example,  it  is  not  uncommon  to  find,  in  stores  which  the  public 
would  call  exceptionally  well  lighted,  a  deviation  from  the  mean 
of  100  per  cent,  and  more,  the  deviation  being  unnoticed  by  the 
public.  So  also  in  the  lighting  of  a  bowling  alley,  while  2..J  per 
cent,  deviation  from  the  mean  is  discernible,  test  No.  i,  in  which 
the  variation  was  not  objectionable,  showed  a  deviation  of   17 
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Fig.  5. — Illumination  along  the  alley. 

per  cent,  along  the  alley  and  a  deviation  of  14  per  cent,  of  two 
adjacent  high  and  low  points  from  their  mean.  It  is  worth 
recording  that  the  deviation  of  2.."]  per  cent,  which  could  barely 
be  detected  on  the  alley  when  viewed  from  the  runway,  could  not 
be  detected  at  all  when  looking  across  the  alley  from  one  side. 
This  would  indicate  that  the  eye  is  most  sensitive  to  differences 
in  illumination  when  the  surface  illuminated  is  viewed  at  a 
considerable  angle,  possibly  due  to  a  fore-shortening  effect  which 
would  cause  the  points  of  high  and  low  intensity  to  appear  closer 
together,  thus  enabling  the  observer  to  compare  them  more  easily. 
With  a  lighting  system  such  as  the  one  described,  it  is  in- 
evitable that  the  wall  back  of  the  pit  will  be  highly  illuminated. 
Hence,  the  wall  should  be  finished  in  a  dark  color,  if  possible. 
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Furtliermore,  since  the  surface  of  the  alley  is  polished  and  is 
therefore  a  good  reflector,  any  objects  on  the  wall  will  appear 
reflected  on  the  surface  of  the  alley.  In  one  case,  where  this 
type  of  lighting  system  was  installed,  there  was  complaint  of  a 
(lark  shadow  on  the  alley.  Upon  investigation,  it  appeared  that 
the  wall  back  of  the  pit  was  dark  in  color  part  way  to  the  ceiling 
and  light  above  that.  The  reflection  of  the  wall  on  the  alley 
showed  apparently  a  considerable  change  in  the  illumination 
where  the  line  dividing  the  light  and  dark  parts  of  the  wall  was 
dimly  reflected.     In  another  case  there  were  large  windows  back 
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Fig.  6. — LrOcation  of  pins. 

of  the  pit  and  the  images  of  the  lamps  could  be   seen  on  the 
alley,  reflected  first  from  the  windows. 

In  many  cases  bowling  alleys  are  located  in  basements  where 
the  ceiling  height  will  not  allow  the  lamps  to  be  placed  as  high 
as  9  feet  above  the  floor.  It  is  then  necessary  to  place  them 
closer  together,  or  to  use  a  reflector  giving  a  different  photometric 
curve.  Placing  the  lamps  closer  together  and  lower,  raises  the 
intensity,  but  this  disadvantage,  if  it  is  one,  can  be  overcome  by 
using  one  row  of  lamps  to  illuminate  two  alleys.  It  is  the  ex- 
perience of  the  writer  that  satisfactorily  uniform  illumination  is 
difficult,  if  not  impossible,  to  obtain  with  the  ordinary  types  of 
angle  reflectors,  if  the  lamps  are  placed  farther  apart  than  their 
height  above  the  floor. 


J^RRATA  597 

ERRATA. 

The  following  errors  appear  in  the  paper  on  "Color  Measure- 
ments of  Illuminants"  in  the  April,  19 lo  issue  of  the  Transac- 
tions, attributable  to  the  fact  that  no  proof  was  submitted  to  the 
author : 

Page  190,  line  7,  end,  should  be  Koettgen. 

Page  192,  line  13,  between  ''several"  and  "acetylene"  insert 
"acetylene  burners  of  different  types,  and  gives  an." 

Page   195,  line  i,  insert  "on"  between  "those"  and  "sunhght." 

Page  198,  sixth  line  from  bottom,  should  read  "The  colori- 
meter results  as  obtained  are  not"  etc. 

Page  200,  eleventh  line  from  bottom,  should  be  "their  sum  is 
100." 

Page  201,  third  line  from  bottom,  fifth  word  from  end,  should 
be  "plotted." 

Page  202,  sixth  line  from  bottom,  insert  "at"  between  "that" 
and  "the." 

Page  203,  tenth  line  from  bottom,  insert  "and"  between  "sky" 
and  "for."     Fourth  line  from  bottom,  equation  should  read : 

/ 14,400  \ 

V    AT    / 

e  —  I 

Page  204,  third  line,  Colorimeter  values  in  the  table  not  being 
italicised  as  indicated,  this  sentence  should  read  "the  colorimeter 
values  are  the  second  ones  given." 

Page  207,  A  note  at  bottom  of  page  should  call  attention  to 
the  fact  that  the  table  of  color  values  is  on  the  following  page. 
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NOVEMBER  11,  1910. 

A  meeting  of  the  council  was  held  on  November  10  in  the 
general  office.  The  minutes  of  the  previous  meeting  were  amend- 
ed and  approved. 

Secretary  P.  S.  Millar  presented  a  report  of  the  financial  and 
the  membership  status  of  the  Society.  In  it  he  stated  that  the 
gross  receipts  to  November  ist  had  been  $12,659.45,  while  the 
disbursements  had  aggregated  $8,264.71 ;  and  that  the  member- 
ship of  the  Society,  exclusive  of  fifty-four  applications  under  con- 
sideration, totaled   1,555. 

For  the  committee  on  constitutional  revision  Mr.  Millar  also 
submitted  an  amendment  to  the  constitution  as  given  below : 

"The  terms  of  the  members  of  all  standing  and  temporary 
committees  shall  terminate  on  the  second  Thursday  of  February 
of  each  year,  when  the  president  shall  constitute  the  membership 
of  all  standing  committees  and  of  such  temporary  committees 
as  may  have  further  duties  to  perform." 

Attention  was  directed  to  the  fact  that  under  the  present  pro- 
vision of  the  constitution,  the  terms  of  all  committees  terminate 
on  the  second  Friday  of  January  of  each  year,  thereby  leaving 
the  Society  without  any  committees  for  approximately  one  month 
before  other  committees  are  appointed  by  the  newly-elected  presi- 
dent. To  obviate  this  the  amendment  had  been  proposed.  It 
was  duly  signed  by  more  than  one  hundred  members  and  accord- 
ingly accepted  by  the  meeting.  It  will  be  submitted  to  the  vote 
of  the  members  at  the  election  next  month. 

Fifty- four  applicants  were  elected  members.  A  resolution 
appropriating  $25.00  for  indexing  Volume  V  of  the  Transactions, 
and  the  approval  of  payment  of  bills  aggregating  $1,973.90  were 
among  the  other  business  transacted. 
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SECTION    MEETINGS. 


NEW    YORK    SECTION. 

At  a  meeting  of  the  New  York  Section  held  on  November  n, 
Mr.  A.  J.  Marshall,  as  secretary  of  the  Section,  outlined  the  pa- 
pers read  and  discussed  at  the  recent  Baltimore  convention  of  the 
society  and  the  lectures  on  illuminating  engineering  delivered 
at  Johns  Hopkins  University.  The  convention  and  the  lecture 
course  were  then  discussed  by  Messrs.  A.  H.  Elliott,  H.  T.  Owens, 
E.  N.  Hyde,  A.  S.  McAllister  and  O.  Hyatt.  Prof.  G.  S.  Macom- 
ber  described  the  course  in  illuminating  engineering  being  given 
at  Cornell  University,  in  which  use  will  be  made  of  the  informa- 
tion acquired  during  the  Johns  Hopkins  lecture  course  in  so  far 
as  it  can  be  applied  to  the  conditions  at  Cornell. 

The  secretary  announced  that  the  paper  by  Mr.  Bassett  Jones, 
Jr.,  entitled  '*A  Study  of  Reflecting  and  Diffusing  Media"  which 
was  prepared  for  the  December  meeting,  will  be  held  over  for 
the  February  meeting.  On  December  8,  there  will  be  two  papers. 
A  paper  by  Prof.  E.  L.  Nichols,  of  Cornell  University,  will  deal 
with  the  early  history  of  photometric  standards.  Mr.  Bassett 
Jones,  Jr.,  will  present  a  paper  entitled  "The  Lighting  of  the 
Allegheny  Soldiers'  Memorial  Building  in  Pittsburg."  This 
paper  will  be  illustrated  by  means  of  colored  lantern  views. 
Printed  copies  of  the  paper  will  be  distributed  a  week  or  more 
prior  to  the  meeting.  This  paper  will  deal  with  what  is  probably 
the  most  elaborately  lighted  building  ever  constructed,  where 
practically  all  characteristics  of  electric  illuminants  have  been  used 
in  unique  ways. 

At  the  January  meeting  three  papers  will  be  presented.  Dr.  P. 
W.  Cobb  will  read  a  paper  on  the  physiological  effects  of  light 
on  the  eye.  Dr.  Nelson  M.  Black  will  treat  of  the  effects  of 
ultra-violet  light  on  the  eye.  Mr.  Paul  F.  Bander  will  outline 
the  results  of  experimental  investigation  of  the  effect  of  reflected 
light  in  differently  treated  interiors. 

In  addition  to  the  presentation  of  the  paper  by  Mr.  Jones  at  the 
February  meeting  there  will  be  a  discussion  of  the  subject  "Light 
and  Architecture"  led  by  Mr.  Henry  Hoanbostel  of  the  firm  of 
architects  responsible  for  the  design  of  the  Allegheny  County 
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Soldiers'  Memorial  Building*.  It  is  expected  that  this  meeting 
will  be  well  attended  by  architects,  decorators,  designers  and  fix- 
ture house  representatives  as  well  as  by  members  of  the  Society. 

NEW  ENGLAND  SECTION. 

The  New  England  Section  held  its  regular  monthly  meeting 
at  the  Edison  Building  in  Boston  on  November  14.  The  meeting 
was  devoted  principally  to  a  discussion  of  schoolroom  lighting, 
the  opening  remarks  being  made  by  Mr.  B.  B.  Hatch.  Dr.  Louis 
Bell,  Dr.  C.  H.  Williams  and  Mr.  C.  H.  Smith  also  contributed 
to  the  discussion. 

At  a  meeting  of  the  Section  to  be  held  on  Dec.  12th,  Mr. 
C.  A.  B.  Halvorson,  will  present  a  paper  on  arc  lamps,  the  scope 
of  which  will  embrace  many  features  especially  interesting  to 
central  station  operators  and  others  whose  commercial  problems 
involve  illumination  with  large  units. 

Chairman  C.  O.  Baker  announced  that  plans  are  on  foot  to 
establish  a  "Question  Box"  with  the  object  of  furnishing  members 
promptly  with  answers  to  troublesome  problems  occurring  in 
their  practice.  During  February  the  Section  will  hold  an  after- 
noon session  at  which  three  papers  will  be  presented. 

CHICAGO    SECTION. 

A  meeting  of  the  Chicago  Section  was  held  on  Thursday, 
November  17th,  in  the  Chicago  room  at  the  Great  Northern  Hotel. 
The  meeting  was  held  in  connection  with  the  noon  luncheon. 
A  resume  of  the  convention  at  Baltimore  was  given  by  Dr. 
M.  G.  Lloyd.  The  lectures  on  illuminating  engineering  were 
reviewed  and  discussed  by  Messrs.  Geo.  C.  Keech,  F.  A.  Vaughn, 
Geo.  H.  Jones,  P.  F.  Williams,  T.  R.  Beebe,  Wm.  Durgin,  W.  R. 
Lyon,  C.  C.  Schiller,  F.  J.  Pearson  and  Norman  Macbeth. 

At  the  December  meeting  of  the  section,  papers  will  be  present- 
ed by  Prof.  J.  M.  Bryant  and  Mr.  H.  G.  Hake  on  the  results  of 
original  research  at  the  laboratory  of  the  University  of  Illinois. 
At  the  January  meeting  a  discussion  on  "Luminous  Efficiency" 
will  be  led  by  Mr.  A.  L.  Eustice.  In  February,  the  subject  "Il- 
luminating Problems  in  the  Smaller  Cities"  will  be  discussed.  At 
the  March  meeting,  Mr.  Charles  A.  Luther  will  read  a  paper 
entitled  "Illuminating  Features  of  the  Peoples  Gas  and  Coke 
Company's  New  Building  in  Chicago."     Mr.  C.  R.  Gillman  will 
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present  a  paper  on  ''Train  and  Car  Lighting"  at  the  April  meeting. 
•'The  Lighting  of  Small  Rooms"  will  be  the  subject  of  a  paper  by 
Mr.  J.  R.  Cravath  at  the  May  meeting.  "Natural  Daylight  Il- 
lumination" will  form  the  subject  of  a  paper  to  be  presented  at 
the  June  meeting. 

PHILADElyPHIA    SECTION. 

The  Philadelphia  Section  held  a  meeting  on  Friday  November 
i8th,  which  was  attended  by  98  members  and  guests.  The 
programme  consisted  of  a  review  of  the  Baltimore  Convention 
papers,  by  members  of  the  Section  who  had  attended  the  Con- 
vention. Some  twenty  or  more  speakers  had  prepared  brief 
sketches  of  the  papers,  but  owing  to  limited  time,  only  ten  were 
given.  Those  presented  were  by  Messrs.  R.  B.  Ely,  G.  B.  Regar, 
Chas.  A.  Holdcraft,  J.  G.  Felton,  W.  H.  Fulweiler,  L-  B.  Eichen- 
green,  B.  J.  Deck,  F.  L.  Kellner,  Geo.  S.  Barrows,  and  E.  E. 
Robertson. 

At  the  December  meeting  a  paper  will  be  presented  by  Mr.  L. 
B.  Eichengreen  on  "The  Lighting  of  a  Large  Stable  Building." 
Printed  copies  of  this  paper  will  be  distributed  a  week  or  more 
prior  to  the  meeting. 
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REPORTS  OF  THE  COMMITTEE  ON  NOMENCLATURE 
AND  STANDARDS  AND  THE  SUB-COMMIT- 
TEE ON   PHOTOMETRIC   UNITS.^ 


To   the   Officers  and  Members  of  the  Illuminating  Engineering 

Society. 
Gentlemen  : — 

The  Sub-Committee  on  Photometric  Units,  of  the  Committee 
on  Nomenclature  and  Standards,  has  submitted  a  report  of 
progress  which  suggests  certain  definitions  of  photometric  mag- 
nitudes and  units.  This  report  was  not  received  in  time  to 
submit  to  the  members  of  the  Main  Committee  for  action  in  ad- 
vance of  this  meeting.  The  Sub-Committee's  report  is  submitted 
herewith  without  action  on  the  part  of  the  Main  Committee,  but 
I  beg  leave  to  suggest  that  the  suggestion  made  should  receive 
during  the  time  intervening  between  this  and  the  next  annual 
meeting  the  careful  consideration  of  the  members.  During  this 
time  the  suggestions  will  also  be  considered  by  the  members  of 
the  Main  Committee. 

The  suggestions  covered  questions  of  vital  importance  to  our 
profession. 

Yours  respectfully, 

(Signed)  ALEX  C.  HUMPHREYS. 
Chairman   of  Committee  on  Nomenclature  and  Standards. 

Dr.  A.  C.  Humphreys, 

Chairman  Committee  on  Nomenclature  and  Standards. 
Dear  Sir: — 

The  Sub-Committee  on  Photometric  Units  begs  to  report  that 
the  work  of  the  Committee  has  been  continued  during  the  past 
year  along  the  lines  indicated  in  the  report  of  September  22, 
1909.  As  a  result  of  the  year's  work,  the  Committee  would  sub- 
mit as  a  Progress  Report,  the  following  definitions  of  pho- 
tometric magnitudes  and  units.  This  set  of  definitions  is  in- 
complete and  is  probably  open  to  objections.  The  Sub-Commit- 
tee hopes  that  the  material  of  this  Progress  Report  may  be  sub- 
jected during  the  coming  year  to  a  great  deal  of  critical  scrutiny 

1  Submitted  at  the  Baltimore  Convention  of  the  Illuminating  Engineering  Society  on 
October  24,  1910. 
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by  members  of  the  Society  and  others  interested  in  this  subject, 
SO  that  the  Committee  benefiting  thereby  may  be  better  able  to 
frame  a  final  report  next  year. 

Respectfully    submitted, 
A.   Blondel, 
A.  E.  KennKlly, 
E.  L.  Nichols, 
Edward  B.  Rosa, 
C.   H.   Sharp,   Chairman. 
Sub-Committee  on  Photometric  Units. 

PROGRESS   REPORT   OF    SUBCOMMITTEE    ON    PHOTOMETRIC 
MAGNITUDES    AND    UNITS,     I91O. 

Light  (flux)  is  the  stimulus  produced  by  radiation  which 
excites  vision.  It  is  proportional  to  the  rate  of  flow  of  radiant 
energy  and  to  a  stimulus  coefficient  which  depends  chiefly  on 
the  spectral  distribution  of  that  energy. 

The  presence  of  a  flux  of  light  is  recognized  by  the  illumina- 
tion which  it  produces.  The  illumination  is  proportional  to  the 
flux  per  unit  area  of  the  illuminated  surface  or  to  the  flux  den- 
sity incident  on  that  surface. 

The  luminous  intensity  of  a  point  source  of  light  is  measured 
by  the  luminous  flux  per  unit  solid  angle  in  the  direction  in  which 
the  intensity  is  taken.  Two  point  sources  of  light  are  said  to  be 
equal  in  intensity  when  they  produce  equal  illuminations  at  equal 
distances.  Due  to  the  fact  that  standardized  point  sources  of 
light  of  unvarying  intensity  are  obtainable,  while  it  is  not  prac- 
ticable to  obtain  a  standardized  luminous  flux  or  a  standardized 
illumination  without  a  standardized  source  of  light,  the  unit  of 
luminous  intensity  has  become  the  fundamental  photometric  unit 
from  which  the  values  of  the  unit  of  flux,  of  illumination,  etc.  are 
derived ;  that  is,  the  unit  of  intensity  is  the  fundamental  photo- 
metric unit,  although  flux  is  the  fundamental  photometric  magni- 
tude. 

The  unit  of  luminous  intensity  is  the  candle.  By  candle  is 
meant  the  common  candle  of  Great  Britain,  France  and  America, 
for  which  the  name  ''International  Candle"  has  been  proposed. 

The  term  "candle-power"  is  used  as  the  equivalent  of  the  term 
"luminous  intensity  in  candles." 


^ 
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The  unit  of  luminous  flux  is  the  flux  of  Hght  produced  in  a  unit 
solid  angle  (one  steradian)  by  a  uniform  source  of  one  candle 
placed  at  the  apex  of  the  angle.     This  unit  is  called  the  lumen. 

The  unit  of  illumination  is  the  illumination  which  is  produced 
by  a  flux  of  one  lumen  falling  on  a  unit  plane  area.  This  is 
equivalent  to  the  illumination  produced  by  a  source  of  one  candle 
at  unit  distance. 

The  unit  of  illumination  in  the  c.  g.  s.  system  is  the  lumen  per 
square  centimeter.  As  a  practical  unit  the  millilumen  per  square 
centimeter  is  recommended. 

In  English  speaking  countries  the  unit  of  illumination  common- 
ly employed  is  the  "foot-candle"  (lumen  per  square  foot).  This 
designation  is  preferable  to  "candle-foot."  The  corresponding 
metric  unit  "meter-candle"  (lumen  per  square  meter)  is  called 
the  lux  (plural  lux).  It  is  desirable  that  all  values  of  illumina- 
tion should  be  expressed  in  terms  of  lumens  per  unit  area,  the 
unit  of  area  being  chosen  in  accordance  with  the  requirements 
of  the  situation. 

By  the  specific  intensity  of  a  luminous  surface  or  body  is  meant 
its  apparent  luminous  intensity  per  unit  area,  expressed  in  candles 
per  square  centimeter  of  apparent  area,  or  area  projected  on 
a  plane  perpendicular  to  the  direction  in  which  the  measure- 
ment is  made  and  including  only  a  surface  of  small  dimensions 
in  comparison  with  the  distance  at  which  the  measurement  is 
made. 

By  the  specific  radiation  of  a  luminous  surface  or  body  is  meant 
its  total  luminous  flux  per  unit  area  expressed  in  lumens  per 
square  centimeter  or  millilumens  per  square  centimeter. 

By  mean  spherical  intensity  of  a  source  of  light  is  meant  the 
average  value  of  its  intensity  as  taken  in  all  directions  in  space. 
It  is  equal  to  its  total  luminous  flux  in  lumens  divided  by  ^tt. 

By  spherical  reduction  factor  of  a  source  of  light  is  meant  the 
ratio  of  its  mean  spherical  intensity  to  its  mean  horizontal  intensi- 
fy- 

The   names   of  these   units  in  the  c.   g.   s.    system   and   their 

mathematical  relations  to  each  other  are  shown  in  the  accompany- 
ing table : 
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DISCUSSION. 

Dr.  Edward  B.  Rosa: — This  report  is  offered  as  a  progress 
report,  and  not  a  final  report.  I  suggest  that  the  Convention  in- 
struct the  committee  to  present  a  final  report  one  year  frorn  nOw, 
and  in  the  meantime  the  committee  be  instructed  to  correspond 
with  certain  societies  and  individuals  in  Europe  with  regard  to 
the  matter  of  nomenclature.  The  committee  has  not  made  any 
approaches  towards  Germany  or  representatives  of  Germany.  If 
it  were  possible,  by  making  somie  slight  changes  in  the  nomen- 
clature that  is  proposed,  to  get  Germany  to  agree  to  the  nomen- 
clature, it  would  be  of  very  great  advantage.  Some  of  the 
European  countries  that  have  taken  considerable  interest  in  the 
subject  are  a  little  bit  sensitive  about  having  things  done  with- 
out being  consulted, — and  I  should  favor  holding  the  report  in 
abeyance  for  another  year.  In  the  meantime,  the  members  who 
have  occasion  to  use  the  symbols  as  proposed  cannot  become 
so  firmly  fixed  in  their  habits  in  one  year's  time  but  that  a  slight 
modification  might  be  made.  Some  of  the  letters  and  names 
which  are  proposed  are  and  have  been  in  use  in  Germany  and 
some  are  not  in  lise,  and  some  of  the  letters  are  different  from 
those  now  in  use.  It  seems  to  me  it  might  be  possible,  although 
perhaps  that  is  hoping  for  a  good  deal,  to  obtain  nomenclature 
more  widely  international  than  this  is  likely  to  be  without  such 
action.     I  place  the  matter  in  the  form  of  a  motion  to  that  effect. 

President  Hyde : — The  motion  for  discussion  and  action  is  that 
the  subcommittee  on  photometric  units  be  instructed  to  present 
at  the  next  annual  convention  a  final  report  on  nomenclature  and 
units,  and  that  in  the  meantime  the  committee  endeavor  to  secure 
the  cooperation,  if  possible,  of  foreign  countries. 

Dr.  A.  S.  McAllister: — As  the  report  now  stands  selection  has 
been  made  of  the  symbol  B  and  also  of  the  symbol  /.  B  is  the 
well  recognized  symbol  of  electromotive  force,  and  /  that  of 
current.  It  seems  to  me  that  unless  there  is  some  very  im- 
portant reason  for  using  these  symbols  for  photometric  quan- 
tities they  should  not  be  selected. 

Mr.  P.  S.  Millar: — Dr.  Rosa  spoke  of  securing  international 
concurrence  in  this  report.  He  rather  intimated  that  the  con- 
currence of  England  and  France,  either  official  or  unofficial,  had 
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been    secured   or   promised.     It    would   be    interesting   to    learn 
whether  or  not  such  is  the  case. 

Dr.  Sharp : — The  subcommittee  has  not  endeavored,  as  yet,  to 
get  any  action  by  foreign  bodies  on  this  question.  Very  fortu- 
nately one  very  influential  foreign  member  is  on  the  subcommittee, 
namely,  Professor  Blondel,  of  Paris.  Professor  Blondel  is  the 
originator  of  the  system  of  units  as  given  here.  His  original 
suggestions  have  been  slightly  modified  by  some  very  valuable 
suggestions  emanating  from  other  members  of  the  subcommittee, 
but  fundamentally,  the  suggestions  are  Professor  Blondel's,  Pro- 
fessor Blondel  carries  a  great  deal  of  weight,  particularly  in 
France,  so  that  is  is  hoped  that  we  can  influence  the  French 
scientists  through  him.  As  to  England,  I  believe  that  it  is  the 
intention  of  the  (British)  Illuminating  Engineering  Society  to 
appoint  a  subcommittee  or  committee  somewhat  similar  to  our 
own.  I  have  taken  occasion  in  corresponding  with  some  of  the 
officials  of  the  Society  to  suggest  that  it  would  be  a  desirable 
thing  for  them  to  do.  I  trust  that  they  will  do  so,  and  that 
we  can  cooperate  with  them,  and  get  a  common  system  of  symbols 
in  both  countries  in  that  way. 

Mr.  F.  J.  Pearson : — Does  the  system  selected  have  for  its 
basis  the  c.  g.  s.  system?  Are  we  to  use  the  metric  system  in 
calculations,  or  the  English  equivalent  of  the  metric  system?  In 
adopting  any  specific  symbols  and  units,  of  illumination,  the 
society  should  take  the  matter  up  with  the  various  other  societies 
such  as  the  American  Institute  and  the  British  Institution  of 
Electrical  Engineers,  and  select  a  system  which  will  be  uniform 
with  the  present  system  of  purely  electrical  unit. 

Mr.  G.  H.  Stickney : — In  the  report  no  mention  is  made  of  the 
unit  of  specific  consumption  as  is  used  in  electrical  literature,  for 
instance,  the  watts  per  candle-power,  or  something  of  that  sort. 
I  think  it  would  be  well  to  define  such  a  unit  in  the  report. 

Mr.  B.  L.  BUioit : — In  connection  with  the  question  concerning 
the  use  of  I  and  B,  I  should  like  to  ask  if  it  would  be  practicable 
to  use  the  letter  /  in  place  of  /?  I  think  this  is  the  German 
practice  at  the  present  time,  and  it  might  help  us  in  getting  Ger- 
man cooperation  to  adopt  the  letter  /. 
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Mr.  R.  C.  Ware  \ — Dr.  Rosa  expressed  the  opinion  that  it 
would  be  a  good  idea  to  begin  using  some  of  the  symbols  con- 
ditionally to  their  being  changed.  It  seems  to  me  that  possibly 
we  had  better  steer  clear  of  using  any  new  ones  until  the  report 
is  finally  adopted,  because  of  the  confusion  that  would  arise  from 
a  mixture  of  two  or  three  definitions  and  standards. 

Mr.  H.  T.  Owens: — I  believe  it  is  very  important  that  copies 
of  this  report  be  in  the  hands  of  the  members  as  soon  as  possible. 
I  think  that  is  one  of  the  most  important  things  to  be  done. 

Dr.  Sharp : — Regarding  the  conflict  of  new  with  old  symbols, 
it  was  not  believed  that  there  was  sufficient  liability  for  any 
confusion  to  arise  to  discontinue  the  use  of  the  letters  men- 
tioned. B  and  /  have  been  used  in  illuminating  work  for  quite 
a  number  of  years  now,  and  it  is  hard  to  see  how  anybody  is 
going  to  confuse  electromotive  force  and  illumination  or  intensity 
of  electric  current  with  the  intensity  of  a  source  of  light.  They 
are  so  radically  different.  There  are  not  letters  enough  to  take 
one  for  every  different  physical  quantity  that  we  have  to  use. 
For  example,  /  is  often  used  for  "force,"  and  in  the  report 
it  is  used  for  ''flux;"  there  is  no  possibility  of  confusing  those 
things.  It  may  be  that  it  would  be  a  good  thing  to  avoid  the 
use  of  the  letters  H  and  /,  because  they  are  used  for  e.  m.  f.  and 
current,  but  the  committee  has  not  considered  that  argument  very 
seriously. 

As  to  the  use  of  the  c.  g.  s.  system  or  of  the  French  metric 
units  as  against  the  English,  it  is  to  be  noted  that  in  the  report 
the  English  units  have  been  defined,  and  that  the  unit  of  il- 
lumination is  the  only  important  one  that  is  distinctly  English. 
The  lumen  is  independent  of  the  unit  of  length.  The  candle,  be- 
ing the  fundamental  unit  is  the  same  in  all  countries,  so  that  this 
question  concerns  the  units  of  illumination,  specific  radiation  and 
specific  intensity  only.  In  the  body  of  the  report,  the  unit 
of  illumination  commonly  used  is  referred  to  as  the  foot- 
candle,  which  is  defined  as  the  lumen  per  square  foot,  and 
the  report  further  says  that  this  designation  is  preferable  to 
candle-foot.  If  we  are  to  make  a  choice,  we  should  prefer  foot- 
candle  to  candle-foot,  as  the  plural  of  foot-candle  is  foot-candles, 
while  the  plural   of  candle-foot   is   candle-feet,   which   is  pretty 
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bad.  Corresponding  reference  is  made  to  the  metre-candle,  and 
the  sanction  of  tlie  name  '1ux"  is  given  to  the  metre-candle. 
Now,  the  significance  of  that  is  that  we  understand  by  lux  i 
metre-candle  and  not  i  Hefner-metre.  The  term  lux  was 
originally  defined  in  Blondel's  work  as  metre-candle,  the  candle 
in  that  case  being  the  bougie  decimal,  or  the  one-twentieth  part  of 
the  platinum  unit.  The  Photometric  Congress  in  Geneva  in  1896, 
to  which  Blondel's  recommendations  were  presented,  adopted  the 
term  lux,  as  defined  in  that  way,  that  is,  in  the  terms  of  the 
bougie  decimal  metre.  We  know  now  that  the  bougie  decimal 
is  10  per  cent,  larger  than  the  Hefner  unit,  but  the  Germans  have 
used  lux,  referring  to  the  Hefner  unit  at  a  distance  of  a  metre. 
In  France,  the  lux  means  the  bougie-metre.  In  this  country  too 
the  term  lux  is  used  in  that  later  sense,  the  bougie-metre,  be- 
cause we  have  adopted  a  unit  of  the  same  size  as  the  bougie 
decimal  a.s  the  fundamental  unit.  Our  candle  and  the  bougie 
decimal  are  identical  in  size,  so  that  we  return  to  the  original 
definition  of  the  lux.  Where  lux  is  used  referring  to  the  Hefner 
unit,  the  qualification  can  be  used  "Hefner  lux ;"  similarly  in  the 
case  of  the  lumen,  the  qualification  "Hefner  lumen"  can  be  used. 
As  to  the  use  c.  g.  s.  and  English  metric  units,  there  is  nothing  in 
the  report  which  says  that  a  person  must  use  one  or  the  other. 
Use  can  be  made  of  which  ever  one  is  the  more  convenient,  but 
the  report  is  intended  to  make  concrete  and  specific  those  that  are 
used ;  there  is  no  chance  for  confusion. 

It  will  be  noted  that  the  report  recommends  illumination  to  be 
expressed  in  terms  of  lumens  per  unit  area.  For  example,  if  the 
illumination  is  2  lumens  per  square  foot,  it  is  the  same  as  2  foot- 
candles.  Thus  there  is  no  chance  for  confusion.  Similarly  if  the 
c.  g.  s.  system  is  used,  the  illumination  will  be  expressed  in  terms 
of  millilum.ens  per  square  centimetre  ;  that  is  to  say,  i/iooo  lumen 
per  square  centimetre.  It  happens  that  the  millilumen  per  square 
foot  is  a  unit  of  about  the  same  size  as  the  foot-candle.  How- 
ever, there  is  nothing  in  the  report  to  compel  anybody  to  use 
either  the  metric  system  or  the  common  English  system  in  the 
expression  of  his  results. 

The    suggestion    by    Mr.    Stickney    that    specific    consumption 
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should  be  defined  is  good.  I  presume  that  we  should  define 
specific  consumption  with  reference  to  gas  as  well  as  electricity. 
This  suggestion  will  receive  the  attention  of  the  commiittee. 

In  regard  to  the  suggestion  that  /  be  used  for  I,  T  do  not  know 
whether  the  members  of  this  society  would  like  to  use  /  for  the 
intensity  of  light  or  not.  If  they  would,  I  am  sure  the  committee 
would  find  no  objection.  The  committee  desires  to  make  recom- 
mendations which  will  be  acceptable  to  the  practicing  engineers 
of  the  society  and  would  be  very  glad  indeed  to  receive  advice  and 
instructions. 

The  motion  by  Dr.  Rosa  being  put  to  vote  was  duly  carried. 
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The  illuminating  engineering  department  of  The  Denver  Gas 
and  Electric  Company,  consists  of  an  illuminating  engineer  and 
his  assistant.  The  illuminating  engineer  specifies  the  amount 
of  illumination,  number  of  openings  or  units,  and  style  of  light- 
ing, deciding  whether  it  shall  be  gas  or  electric,  and  the  kind  of 
either,  and  meets  and  advises  with  all  consumers.  The  assistant 
does  all  architectural  drafting,  fixture  designing,  writes  all 
wiring  specifications,  and  makes  and  keeps  all  records  pertaining 
to  the  various  consumers,  their  wants  and  complaints. 

This  department  has  an  office  where  architects  may  come  for 
information,  contractors  to  estimate  jobs  and  consumers  to  dis- 
cuss store  or  residence  lighting,  for  better  and  more  satisfactory 
illumination.  In  this  office  are  samples  of  the  various  kinds  of 
lamps,  both  gas  and  electric,  as  well  as  burners,  shades  and  re- 
flectors. These  lamps  and  shades  are  not  connected  for  service, 
nor  is  it  intended  to  make  a  demonstration  of  what  any  one 
lamp  will  do,  but  they  are  simply  used  to  explain  to  consumers 
why  lamps,  shades,  etc.,  are  built  as  they  are,  to  explain  why 
a  tungsten  lamp  must  be  handled  carefully,  why  a  gas  mantle  is 
to  be  protected  from  rough  usage,  why  some  reflectors  are  more 
efficient  than  others,  why  a  shade  is  necessary  at  all,  and  also  to 
explain  a  few  processes  of  the  manufacture  of  the  various  light- 
ing instruments.  Everyone  is  interested ;  even  explaining  where 
the  candle-power  is  measured  from  on  a  i6-c-p.  carbon  lamp  ex- 
cites much  interest,  and  nine  out  of  ten  consumers  seem  sur- 
prised that  1 6  candle-power  does  not  mean  i6-c-p.  end-on. 

There  are  a  great  many  such  little  demonstrations  that  are  so 
easily  shown  consumers  and  create  so  great  an  impression  that 
the  above  method  has  been  found  better  than  requiring  a  con- 

'  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Baltimore,  October  24  and  25,  1910. 
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sumer  to  look  into  a  set  of  booths  showing  comparison  of  good 
and  bad  illumination. 

Existing  conditions  on  the  street  are  far  better  demonstrations 
than  a  set  of  rooms  or  booths  built  and  lighted  under  ideal  con- 
ditions. It  is  much  easier  to  have  a  consumer  visit  a  certain 
store  to  view  the  system  used  and  allow  him  to  draw  a  com- 
parison; often  a  new  idea  is  worked  out  on  the  sidewalk  that 
gives  a  pleasing  originality  to  the  scheme  of  illumination  when 
completed.  If  there  were  ideal  conditions  in  each  store,  residence, 
etc.,  then  a  set  of  model  rooms  illuminated  properly  would  l)e 
most  valuable.  In  actual  work  ideal  conditions  are  not  known; 
they  have  been  heard  of  from  time  to  time,  but  yet  there  is  not  in 
Denver  an  ideal  condition,  from  a  scientific  illumination  stand- 
point. For  instance,  if  the  style  of  building  or  structure  is 
Gothic  one  would  not  divide  a  ceiling  into  bays  and  show  a 
great  number  of  outlets  or  units.  This  condition  is  true  of  most 
styles  of  architecture,  such  as  the  Queen  Ann,  Classic,  Greek, 
Renaissance,  Roman,  etc.  So  no  matter  what  would  seem 
scientific  in  illumination,  and  what  is  desired  most,  one  must 
sacrifice  for  the  "sake  of  art"  and  cut  according  to  the  cloth 
at  hand.  This  result  holds  true,  even  more  so  in  residences, 
churches,  cathedrals,  public  halls,  libraries,  etc.,  and  in  just 
such  places  as  these  it  is  easier  to  blunder  in  designing  the 
scheme  of  illumination  and  fixtures  than  in  any  kind  of  a  com- 
mercial work. 

There  are  more  severe  criticism  and  grief  from  inconsistent 
fixture  designing  where  some  particular  style  of  architectural 
design  has  been  adhered  to  than  in  any  other  work  of  the  il- 
luminating engineering  department.  It  is  known  that  there  are 
three  very  decided  purposes  which  characterize  the  three  most 
distinct  branches  of  the  art  of  illumination,  namely: 

First:  That  of  supplying  light  for  carrying  on  such  adven- 
tures or  amusements  as  are  extended  into  hours  of  semi  or 
whole  darkness.  This  branch  includes  interior  illumination,  such 
as  store,  residence,  factories  and  shops. 

Second:  The  art  of  scenic  illumination  directed  for  special 
effect  and  designed  to  produce  special  illusions.  This  branch 
includes  stage  lighting,  picture  and  art  galleries,  etc. 
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Third :  That  used  for  what  is  called  electrical  advertising, 
impressive,  attractive,  establishing  locations,  etc.  This  branch 
includes  window  lighting,  sign  lighting,  electrical  lamp  crea- 
tions, such  as  growing  flowers,  illustrations  of  lightning,  rain, 
fountains,  etc. 

Each  of  the  above  has  distinct  purposes  and  demands  special 
attention  and  methods. 

Keeping  the  above  branches  of  illumination  in  mind,  it  will 
be  seen  that  there  are  three  essential  points  involved,  namely: 
The  right  quantity,  right  quality,  and  the  right  use.  Moreover 
there  is  another  set  of  three  factors,  namely;  the  station  or  manu- 
facturing end  of  the  gas  and  electric  business ;  the  customer  or 
buyer  and  the  commercial  department,  or  that  department  that 
must  sell  the  output  of  the  manufacturer  and  must  so  sell  it  that 
the  consumer  will  not  be  abused  and  will  remain  a  consumer  for 
not  only  a  few  months  but  for  a  number  of  years  and  be  satisfied 
and  enthusiastic  over  the  use  of  the  commodity.  There  are 
thus  three  purposes,  three  principles,  and  three  principals. 

There  have  been  too  many  good  papers  placed  before  this 
convention  to  be  read  and  discussed  for  the  present  author  to 
attempt  to  interest  the  members  even  for  only  a  few  moments  in 
the  purposes  or  principles.  However  it  may  be  well  to  discuss 
the  principals  telling  of  the  methods  employed  at  Denver,  in  the 
hope  of  obtaining  some  suggestions  that  will  improve  the  meth- 
ods  in   many   ways. 

The  illuminating  engineering  department  of  a  central  station 
is  engaged  in  a  work  different  from  that  of  the  consulting 
engineer,  or  that  of  the  laboratory  engineer.  The  consulting 
engineer  is  an  authority  in  lamps,  shades,  effects  and  results. 
The  laboratory  engineer  is  all  of  this  and  in  addition  is  the  in- 
ventor for  the  consulting  engineer.  The  illuminating  engineer 
for  the  central  station,  must  try,  when  advisable,  to  put  into 
application  all  of  the  ideas  of  the  former  and  the  inventions  of 
the  latter,  and  even  this  is  the  easiest  part  of  the  work. 

The  consulting  engineers  are  arranging  from  time  to  time 
formulas,  for  figuring  densities  of  illumination  that  simplify  the 
work  of  the  artist  as  he  drafts  plans  and  specifications  for  a 
proposed  lighting  installation. 
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The  laboratory  engineers  in  the  last  twenty  years  have  made 
two  great  strides  in  better  gas  lighting;  one  stride  is  the  in- 
candescent gas  mantle,  and  the  other  the  inverted  styles  of  mantle 
lamp.  The  advancement  in  electric  lighting  has  been  much  more 
rapid,  the  arc,  carbon,  improved  carbon,  tantalum  and  tungsten 
lamps  following  each  other  so  rapidly  that  one  does  not  even  now 
feel  safe  in  designing  a  lighting  system  that  should  last  at  least 
three  years.  There  are  then  the  consulting  engineer  with  his 
formulas  and  opinions,  and  the  laboratory  engineer  with  the 
inventions. 

Though  these  two  classes  of  illuminating  engineers  have  done 
wonderfully  good  work,  they  have  been,  up  until  the  last  year  or 
so,  of  very  little  help  to  the  central  station  and  the  consumer 
jointly.  The  consumer  and  the  station  must  be  in  harmony.  The 
central  stations  have  realized  this  fact  and  while  knowing  that  the 
consulting  and  laboratory  engineers  have  done  a  great  deal  of 
educational  work  among  people  interested  in  the  sale  and  manu- 
facture of  gas  and  electric  appliances,  the  consumers  at  large 
have  learned  very  little.  The  central  stations  acknowledge  this 
fact  and  have  found  that  the  best  method  of  getting  good  results 
quickly  from  illuminating  engineering  work  is  to  reorganize  and 
operate  an  illuminating  engineering  department  in  connection 
with  the  station. 

The  central  station  illuminating  engineer  after  having  studied 
the  science  of  illuminating  engineering  work,  learns  that  his 
work  is  to  ''hold  the  business."  The  result  is  that  the  illuminat- 
ing engineering  department  finds  that  it  must  sell  to  the  same 
consumer  light  for  as  many  hours  out  of  the  twenty-four  as 
possible,  in  order  to  widen  the  peak  load,  and  that  to  the  same 
consumer  light  must  be  sold  for  as  many  years  as  possible.  Thus 
the  peak  should  be  widened  until  there  is  no  peak,  and  the  station 
investment,  covering  mains,  services,  meters,  etc.,  should  be 
kept  in  actual  use,  during  the  approximate  life  of  the  station 
installation. 

A  person  contemplating  installing  a  gas  or  electric  plant 
expects  the  plant  to  operate  at  least  twenty  years.  No  one  will 
deny  that  it  is  better  to  conduct  a  good  business  continuously  for 
a  number  of  years  with  one  consumer  than  to  make  investments 


6l6     TRANSAC-nONSi  'OF  ILLUMINATING'  tE:^NGINEKRING;  SOCIETY  • 

of  service,  inainatid  meter,  in  order  to  hold  an  excess  of  business 
for  a  month  or  two;  and  then  have  the  consumer  complain  of  the 
hisrh  bill  and  order  the  meter  removed  and  the  account  closed. 
This  is  a  common  occurrence ;  in  fact,  70  per  cent,  of  the  il- 
luminating engineering  department's  work  is  in  the  straightening 
out  of  just  such  bungles. 

It  is  well  known  that  the  ideal  load  curve  is  one  that  shows 
no  peak— it  is  also  well  known  that  such  a  load  curve  is  almost 
an  impossibility;  there  is  sure  to  be  a  peak  one  slope  of  which 
occurs  between  dusk  and  dawn.  The  study  of  the  load  curve  is 
of  great  interest  to  the  illuminating  engineering  department. 

Business:  There  are  several  classes  of  business  to  be  sought 
and  even  fought  for.  One  of  the  best  is  the  street  lighting  con- 
tract, which  usually  covers  both  the  maximum  hours  between 
dusk  and  dawn  and  also  covers  a  majority  of  years  of  the  life  of 
the  plant.  Another  is  the  all-night  service  for  advertising  purposes, 
such  as  window  lighting,  sign  lighting  and  billboard  illumination. 
Another  is  for  light  over  the  safe  in  the  rear  of  stores,  etg. 
Another  is  for  small  lamps  at  the  base  of  show  windows  in  winter 
months,  for  the  purpose  of  preventing  the  formation  of  frost 
and  moisture  on  the  windows.  Another  is  for  porch  lighting 
on  an  all-night  arrangement.  For  those  customers  who  will  not 
accept  the  all-night  rate,  one  can  usually  establish  a  two  o'clock 
rate;  this  plan  can  be  carried  out  by  means  of  extension  keys 
or  other  devices  so  arranged  that  patrolmen  can  turn  on  or  off 
gas  from  the  outside  of  the  building.  Then  there  is  the  popular 
midnight  lighting  rate,  frequently  used  to  good  advantage.  There 
is  the  cluster  gas  lamps  or  electric  arc  lamp  for  all-night  use  at 
livery  stable  entrances,  garage  entrances,  dairy  stables,  hospitals 
and  any  place  where  wagons  or  vehicles  leave  and  approach 
at  various  different  hours  of  the  night.  Park  lighting  is 
another  good  business  to  secure.  There  are  also  other  uses  for 
illumination  at  all  hours  of  the  night  that  might  be  given  some 
thought. 

Complaints:  As  was  mentioned  in  an  earlier  part  of  this 
paper,  70  per  cent,  of  the  Work  of  the  central  station  illuminating 
engineering  department  is  the  settling  of  complaints  of  some 
kind  or  other,  usually  high  bills.   '  These  complaints  come  frohi 
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all  departments  of  the  company.  When  a  complaint  comes  to 
the  illuminating  engineering  department,  the  illuminating  en- 
gineer tags  it,  "Hold  the  business."  It  is  the  complaining  con- 
sumer that  is  the  encouraging  prospective  consumer  for  the 
gasoline  salesman.  Not  many  gasoline  lamps  would  be  in  service 
to-day  if  all  gas  or  electric  consumers  had  always  been  pleased 
with  and  enthusiastic  over  the  results  using  either  gas  or  electric 
light.  The  person  complaining  may  be  what  is  sometimes  called 
a  chronic  kicker  and  by  some  departments  considered  incurable, 
but  there  are  few  chronic  kickers  in  the  Denver  territory.  The 
complaining  person  is  one  who  usually  complains  about  a  high 
bill,  or  poor  service,  or  both.  The  first  step  taken  is  to  ascertain 
what  the  amount  consumer  has  been  paying  during  the  past  year. 
This  information  is  marked  on  the  com.plaint  memorandum  for 
future  reference ;  the  person  who  turned  in  the  complaint  for 
the  consumer  is  then  consulted  and  much  useful  information  is 
thus  obtained.  A  call  is  then  made  on  the  consumer  by  a  member 
of  the  illuminating  engineering  department,  who  discusses  \vith 
him  the  reasons  for  his  complaint.  He  is  offered  the  services 
of  the  illuminating  engineering  department  free  of  cost.  It  is 
explained  to  him  that  if  he  accepts  the  services  of  the  department 
his  place  of  business  will  be  measured  and  a  drawing  of  his  store 
for  illustrating  a  suggestion  or  a  new  system  of  illumination  will 
be  made. 

Usually  in  the  case  of  so-called  high  bill,  and  often  in  the  case 
of  extremely  poor  lighting  service,  the  store  has  been  piped  by  a 
plumber  or  a  gas  fitter  following  a  set  of  plans  drafted  by  an 
architect.  The  average  architect  thinks  the  lighting  feature  of 
his  work  is  of  no  importance.  The  lighting  arrangement  is  left 
until  the  last.  After  drawings  are  almost  complete,  after  all 
painting  has  been  specified,  all  decorations  decided  upon,  all  ven- 
tilation arranged,  all  store  fixtures  arranged,  he  picks  up  a  pencil, 
and  says :  "We  will  put  an  opening  here,  one  there,  one  there, 
etc."  He  does  not  contemplate  the  illumination  when  deciding 
colors  and  styles  of  decoration,  nor  ventilation ;  he  does  not 
calculate  illumination  at  all,  but  just  puts  in  lamp  openings.  It  is 
often  found  that  the  consumer's  lighting  system  is  at  present  just 
as   good   as   it   has   ever  been   but  owing  to  the    fact   that,  his 
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neighbors  have  improved  their  systems,  his  installation  seems  to 
have  deteriorated.  Frequently  no  difficulty  is  experienced  in 
holding  the  business,  even  when  the  complaint  is  based  on  a  high 
bill,  for  the  improved  lamps  often  make  it  possible  to  give  a 
consumer  twice,  and  even  three  times,  the  illumination  he  had 
obtained  previously. 

When  the  consumer  consents  to  have  the  illuminating  engineer- 
ing department  measure  his  store  and  make  suggestions  for 
better  illumination,  a  drawing  is  made  showing  all  of  the  walls, 
windows,  doors,  hallways,  show-windows,  etc.  Then  if  the  con- 
sumer contemplates  any  changes  in  the  rooms  or  building  a  note 
is  made  of  them  and  often  they  are  arranged  for  on  the  draw- 
ings if  the  changes  are  to  be  made  immediately.  In  case  there  is 
sufficient  time  the  openings  for  the  lamps  are  so  arranged  that 
when  the  building  is  changed  the  proper  system  will  be  in  readi- 
ness. The  openings  that  are  made  in  contemplation  of  changes 
are  plugged  and  no  fixtures  are  installed.  The  fixtures  are 
specially  designed  or  selected  and  specifications  are  drawn.  The 
drawings  and  specifications  are  submitted  to  the  consumer  and, 
if  the  plans  are  accepted,  bids  are  asked  on  the  work  and  taken 
to  the  consumer,  and  the  contractor  is  thus  selected.  The  work 
of  installation  is  superintended  by  the  illuminating  engineering 
department  until  completed  and  accepted  by  the  consumer.  When 
the  new  lighting  system  is  placed  in  operation  the  central  station 
reaps  the  harvest  of  the  work  of  the  illuminating  engineering 
department.  No  matter  how  bitter  he  may  have  been  in  his  com- 
plaints, almost  invariably  a  consumer  will  become  very  much  en- 
thused over  the  improved  appearance  of  his  store;  he  can  then 
easily  be  induced  to  step  outside  of  his  store  and  compare 
the  outside  with  the  improved  interior.  He  does  not  wait  to  be 
coaxed,  but  usually  says,  "What  can  we  do  about  those  windows 
and  that  sign?"  It  is  not  the  actual  amount  of  money  the  con- 
sumer pays  that  interests  him,  but  how  much  he  gets  for  his 
money.  When  the  illuminating  engineering  department  by  a  re- 
arrangement or  a  new  system,  gives  him  three  times  as  much 
illumination  as  before,  the  consumer  is  glad  to  pay  the  bill ;  the 
illuminating  engineering  department  has  held  the  business,  and 
the  consumer  becomes  immediately  a  prospective  consumer  for 
better  window  lighting  and  sign  advertising. 
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A  record  is  kept  of  the  work,  by  taking  a  small  kodak  picture 
of  the  drawing  and  pasting  it  to  a  reference  card,  which  is  filed 
for  future  use.  The  means  used  for  keeping  this  record  is  a 
cabinet  card,  showing  the  date,  name,  address,  nature  of  business 
or  building,  installation  made,  style  of  glassware,  ceiling  height, 
color,  decorations,  size  of  room,  watts  per  sq.  ft.,  density,  reasons 
for  changing,  previous  installation,  and  remarks. 

A  photo  of  the  original  accepted  drawing  is  placed  on  this  card 
and  filed  for  future  reference.  This  card  is  cheap  and  convenient 
to  refer  to  later  and  takes  little  room.  The  consumer  often  wants 
the  original  drawing  for  other  structural  work  and  if  he  so 
desires  it  is  given  to  him,  the  company  being  released  from 
responsibility  if  errors  in  measurement  are  made  from  the  draw- 
ing, such  as  structural  iron  being  short,  millwork  and  metal 
ceiling  not  fitting,  etc. 

Cards  are  also  used  in  keeping  a  record  of  new  buildings.  A 
record  is  kept  of  all  building  permits.  Cards  are  sent  to  new 
owners,  architects  and  contractors,  offering  services  of  the  il- 
luminating engineering  department. 

All  representatives  are  given  an  opportunity  to  join  an  illumi- 
nating engineering  class  during  the  fall  of  each  year,  and  those 
who  join  are  given  a  series  of  lectures  and  instruction  along  il- 
luminating engineering  lines.  They  are  taught  to  read  drawings, 
and  are  instructed  in  a  few  principles  of  fixture  designing.  The 
object  of  this  course  is  to  teach  the  commercial  men  the  principles 
of  illuminating  engineering,  in  order  that  they  may  correct  small 
mistakes  as  they  proceed  in  their  work  each  day,  when  small 
additions  and  alterations  are  being  made.  They  are  also  given 
information  and  data  regarding  new  shades,  lamps,  etc.,  and 
the  uses  to  which  thay  can  be  put. 

DISCUSSION. 

S.  W.  Ashe: — With  a  view  to  cooperating  with  the  various 
central  stations  in  illuminating  engineering  five  kinds  of  educa- 
tional work  are  being  conducted  at  the  electric  lamp  works  at 
Harrison,  N.  J. 

The  first  form  of  educational  work  consists  of  the  training 
of  a  corps  of  colles:e  men  carefully  selected  from  various  univer- 
sities throughout  the  United  States,  who  are  daily  employed  in 
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the  factory  and  laboratories  where  they  are  working  upon  the 
various  processes  of  lamp  manufacture.  Each  day,  from  ii  to 
12,  these  men  attend  a  graduate  course  in  illuminating  engineer- 
ing and  salesmanship  in  the  lecture  room ;  papers  are  assigned, 
experimental  lectures  are  given,  and  the  various  department 
heads  discuss  the  problems  encountered.  The  work  corresponds, 
in  some  respects  to  an  apprentice  course,  as  the  men  are  hired  at 
about  $15.00  per  week,  which  salary  they  receive  for  the  first  six 
months,  when  an  increase  is  given  to  those  who  are  most  deserv- 
ing. 

The  men  will  continue  this  course  for  one  year ;  at  the  end  of 
this  time,  they  will  be  distributed  to  the  experimental  laboratory, 
factory,  sales  department,  etc.  Th'^  commercial  men,  who  come 
in  to  the  factory  from  the  field  from  time  to  time,  talk  to  these 
men  so  that  the  men  become  familiar  with  all  phases  of  the 
problems  of  illuminating  engineering  and  lamp  manufacture. 

The  second  class  of  educational  work  consists  in  the  training 
of  men  to  sell  lamps.  The  men  taking  this  course  had  some  sell- 
ing experience,  but  knew  little  or  nothing  about  illumination  or 
electricity  in  general.  The  duration  of  this  course  is  three  weeks, 
the  men  being  in  daily  attendance  from  9  to  5,  except  on  Saturday 
which  is  a  half  holiday.  These  men  work  out  problems,  perform 
simple  experiments  in  electricity,  design  illuminating  schemes, 
draw  plans,  get  data  on  costs  of  wiring,  study  competitive  il- 
luminants  and  attend  the  daily  lectures  given  to  the  college  men. 
At  the  end  of  three  weeks  they  are  quite  familiar  with  all  details 
requisite  for  the  selling  of  lamps. 

The  third  form  is  the  training  of  the  salesmen  already  in  the 
field.  Once  each  year  these  men  are  brought  back  to  the  factory, 
and  are  given  an  advanced  course  and  an  opportunity  to  review 
their  elementary  knowledge.  In  this  advanced  course  the  men 
are  trained  in  the  art  of  giving  lectures,  learn  to  operate  the 
lantern  and  to  perform  experiments  in  public,  so  that  they 
can  form  their  own  little  educational  centers,  taking  part  in  such 
conventions  as  happen  to  meet  in  their  territory  and  giving  lec- 
tures to  their  assistants  and  to  the  local  lighting  people. 

The  fourth  form  of  educational  work  consists  in  the  training 
of  a  corps  of  experienced  men,  who  are  attached  to  the  home  office, 
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as  Specialists  on  various  subjects/such  as  sign  lighting,  automobile 
lighting,  street  lighting,  residence  lighting,  store  Hghting,  etcj 
These  men  are  prepared  at  all  times  to  attend  conventions,  tO; 
give  experimental  lantern  slide  lectures  to  such  companies  or 
associations  as  may  be  affiliated  in  a  business  way  with  the 
lamp  company.  These  men  are  to  be  specialists  in  their  individual 
subjects,  so  that  they  may  be  able  to  grasp  all  its  phases.  By 
allowing  them  to  give  lectures  to  the  various  companies  they 
get  into  contact  with  actual  commercial  conditions  and  thus  be- 
come thoroughly  familiar  with  the  various  problems  confronting 
central  station  companies. 

The  last  form  of  educational  work  consists  of  the  training  of  the 
factory  and  office  forces.  This  work  is  in  the  nature  of  an 
experimental  lecture  course  covering  the  elements  of  illumination 
and  elements  of  electricity.  Two  lectures  per  week  are  given 
to  these  people  during  the  noon  hour. 

The  great  advantage  of  all  of  this  educational  work  in  that  it 
all  passes  through  one  common  center  of  distribution  and  owing 
to  the  proximity  of  the  factory  to  the  sales  department,  the 
element  of  cooperation  will  be  utilized  to  its  highest  extent.  The 
above  work  has  been  carried  on  for  about  a  year,  but  has  recently 
been  reorganized  cmd  expanded. 

Mr.  A.  J.  Marshall: — In  one  part  of  the  paper  the  author  says: 
"The  average  architect  thinks  the  lighting  feature  of  his  work 
is  of  no  importance.  The  lighting  arrangement  is  left  until  the 
last."  The  convention  here  is  of  illuminating  engineers  and  there 
is  probably  not  an  architect  in  the  house  and  yet  the  architect  is 
the  person  who  controls  the  application  of  light  in  a  great  number 
of  the  buildings.  While  I  do  not  say  that  the  architect  has  a 
comprehensive  knowledge  of  the  application  of  light,  I  do  think 
he  knows  a  whole  lot  more  about  the  effects  than  we  do  as 
engineers.  The  architect  is  needed  in  this  Society  but  just  such 
remarks  as  used  in  this  paper  have  kept  him  out  of  the  Society. 
We  refer  to  him  as  the  "know-nothing  architect."  It  seems  to 
me  this  is  rather  egotistical  on  the  part  of  the  engineer.  We 
should  give  the  other  fellow  credit  for  knowing  something  about 
the  work.  By  showing  the  architect  that  his  side  is  appreciated 
his  cooperation  can  be  obtained  for  the  ;Society.     I  should  like' 
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to  see  architects  in  this  Society,  but  they  will  not  come  in  as 
long  as  we  continue  to  be  antagonistic  as  here  and  elsewhere 
indicated. 

President  Hyde: — It  is  an  interesting  fact  that  yesterday  the 
president  of  the  American  Institute  of  Architects  sent  in  his 
application  for  membership  in  the  Society. 

Mr.  R.  B.  Ely: — In  making  plans  for  illuminating  stores  does 
the  author  submit  specifications  for  the  piping  in  the  gas  installa- 
tion and  wiring  specifications  in  the  electrical  installation? 

Mr.  Norman  Macbeth: — While  in  Denver  this  summer  I 
learned  to  admire  the  methods  there  employed.  One  excellent 
plan  is  the  showing  of  existing  installations  to  prospective  custom- 
ers. I  do  not  know  any  better  wa^  of  satisfying  a  consumer  than 
by  this  method.  It  is  not  necessary  always  to  show  the  particular 
kind  of  installation  that  one  would  advise  for  the  consumer's 
building,  but  rather  to  have  him  meet  the  old  customer  who  will 
tell  him  that  after  all  the  difficulties  he  had  experienced  with 
his  previous  installations,  this  department  not  only  successfully 
straightened  everything  out  but  vastly  improved  his  illumination 
at  the  same  time.  The  prospective  customer  will  usually  say: 
"Well,  I  will  leave  this  matter  in  your  hands"  whereas  had  it 
been  merely  a  question  of  seeing  a  different  kind  of  installation 
he  might  say:  "Well  I  would  not  care  to  have  that  kind  of  lamp 
or  fixture  in  my  place." 

The  plans  and  specifications  given  out  in  Denver,  particularly 
the  plans,  are  very  striking.  Use  is  made  of  water  color  wash 
drawings.  These  are  equally  attractive  as  the  colored  prints 
sometimes  furnished  by  an  architect  of  the  front  of  some  very 
elaborate  building.  This  method  cannot  but  make  a  strong  im- 
pression on  a  consumer. 

I  believe  that  I  can  answer  Mr.  Ely's  question.  The  company 
not  only  gets  out  specifications  for  gas  piping  and  electric  wiring 
but  specifications  for  other  structural  work,  so  that  the  work 
of  the  department  is  largely  a  general  engineering  proposition. 

As  pointed  out  by  the  author,  a  central  station  must  educate 
its  salesmen.  Nine-tenths  of  the  installations  are  sold  by  the 
salesmen  and  when  the  work  comes  to  the  illuminatinof  enfyineer 
he  is  often   powerless  to  make  either  changes  or  suggestions. 
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The  salesman  will  already  have  agreed  upon  the  number  of 
fixtures  and  the  kind  of  lamps  to  use  and  it  is,  therefore,  of 
extreme  importance  from  the  standpoint  of  good  service  that 
the  salesmen  be  properly  trained  and  brought  to  appreciate  the 
value  of  the  illuminating  engineering  department  that  they  may 
work  with  it  rather  than  against  it. 

Mr.  R.  S.  Hale : — What  is  the  average  cost  in  making  the 
drawings?  What  proportion  of  the  customers  take  advantage 
of  the  drawings  each  year? 

Mr.  B.  B.  Rozve: — In  connection  with  that  last  question  I 
ask  how  many  specifications  per  day  are  turned  out  by  the 
illuminating  engineering  department,  that  is,  by  the  engineer  and 
his  assistant. 

President  Hyde : — Mr.  Williamson,  who  read  the  paper  for  the 
author,  will  close  the  discussion. 

Mr.  Williamson : — In  Denver  it  has  been  found  that  so  far  as 
the  central  station  is  concerned,  the  better  the  installation,  the  easier 
it  is  to  get  more  business,  and  that  it  pays  to  put  in  wiring  and 
piping  specifications  and  to  see  that  the  work  is  done  properly. 
A  well  illuminated  store  is  the  best  salesman  for  the  illuminating 
department.  Every  time  a  new  installation  is  put  in,  it  is  always 
followed  by  others  for  merchants  on  the  same  street  in  that  same 
locality  who,  without  solicitation,  express  a  desire  for  something 
a  good  deal  like  the  installation  of  their  neighbor.  No  charge  is 
made  for  the  dravv^ngs  and  specifications ;  all  the  work  is  given 
gratis.  Concerning  the  cost  to  the  company,  I  don't  know.  A 
sketch  artist  is  employed  at  $3.00  a  day,  and  he  gets  out  an 
average  of  about  one  set  of  specifications  and  drawings  per  day. 
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THE  EFFECT  OF  LIGHT  ON  THE  MOVEMENT  OF  THE 
LOWER  ORGANISMS/ 


BY   S.   O.    MAST. 


By  "lower  organisms"  we  mean  the  simpler  of  the  living  be- 
ings, mostly  microscopic  forms.  Of  these  there  are  hundreds 
of  different  kinds,  many  more  than  could  be  even  named  in  the 
time  at  my  disposal.  I  shall  consequently  confine  what  I  have 
to  say  largely  to  one  or  two  of  these  creatures. 

Light  has  either  directly  or  indirectly,  a  very  profound  effect 
on  all  living  things,  including  the  human  being.  Much  has  been 
written  in  the  past  years  concerning  the  germicidal  effect  of  light. 
It  is  known  that  the  shorter  rays,  the  blue,  the  violet  and  the 
ultra-violet,  kill  many  of  these  germs,  (bacteria  and  some  other 
lower  organisms.)  However,  there  are  many  lower  organisms 
that  are  somewhat  more  complicated  than  the  bacteria,  and  while 
they  may  not  be  killed  as  readily  as  the  germs  mentioned,  it  is 
found  that  intense  light,  such  as  direct  sunlight,  almost  in- 
variably has  an  injurious  effect  on  them.  If  the  light  is  too 
intense,  they  cannot  withstand  its  effect  for  any  great  length  of 
time.  It  is  assumed  that  the  injury  is  due  to  a  breaking  down 
of  the  protoplasm,  a  photochemical  change,  a  simplifying  of  the 
chemical  substances  within  the  living  organism. 

Light  is,  however,  by  no  means  always  injurious.  It  may  have  a 
synthetic  as  well  as  an  analytic  eft'ect  on  chemicals.  Simple  com- 
pounds as  for  example,  carbon  dioxide  and  water  are  united 
to  form  the  carbo-hydrates  and  other  compounds.  [«(HoO) 
+  w(CO,2)  =  n(CHfi),  sugar,  starch,  etc.  +  ^(02)].  This 
takes  place  only  in  the  presence  of  light  and  the  green  substance, 
chlorophyll,  that  is  found  in  leaves  and  other  plant  structures 
and  in  many  of  the  lower  organisms. 

Most  of  us  do  not  fully  realize  that,  if  it  were  not  for  this 
synthetic  process,  the  building  up  of  the  simpler  substances  into 
more  complex,  which,  as  stated  before,  takes  place  only  in  the 
presence  of  light,  no  living  being  could  long  exist  on  this  earth, 
for  every  organism,  plant  as  well  as  animal,  must  have  complex 

1  A  lecture  delivered  at  the  Raltimore  convention  of  the  Illuminating  Kngiueering 
Society,  October  24,  1910. 
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chemical  compounds  as  its  food  material,  and  these  are  at  present 
synthesized  only  in  the  presence  of  light  and  chlorophyll  em- 
bodied in  living  matter.  Green  plants  can  manufacture  their 
own  food,  but  all  other  plants  and  nearly  all  animals  are  not  able 
to  do  so.  They  are  dependent  directly  or  indirectly  upon  green 
plants  for  food.  Let  me  illustrate.  Floating  in  nearly  all  of 
the  waters  of  the  seas  near  the  surface  are  innumerable  micro- 
scopic, green  plants  of  various  kinds.  Each  one  of  these  minute 
specks  of  living  matter  contains  chlorophyll  and  is  in  reality  a 
synthetic  laboratory  in  which,  in  the  presence  of  light,  the  com- 
plex food  substances  necessary  for  life  are  manufactured  from 
chemical  elements  and  simple  compounds.  The  complex  com- 
pounds thus  formed  are  taken  in  by  myriads  of  small  animals 
which  feed  on  the  minute  plants,  and  some  of  these  compounds 
are  passed  through  larger  animals, — minnows  and  small  fishes, 
which  devour  the  small  animals,  to  still  larger  fishes  and  other 
creatures  which  in  turn  find  their  way  into  the  stomachs  of  the 
next  size,  and  so  on,  until  the  largest  are  reached.  Thus  even 
those  fishes  which  live  entirely  on  other  fishes,  carnivorous  crea- 
tures, are  dependent  upon  minute  green  specks  of  living  sub- 
stance for  the  manufacture  of  essentials  in  their  food  supply, 
and  the  motive  power  in  these  factories  is  light. 

If  the  light  is  too  intense,  it  is  as  already  stated,  injurious  to 
most  of  the  lower  organisms.  If  it  is  too  weak  the  synthesis  of 
food  substance  is  interrupted.  It  will  readily  be  seen  then  that 
it  is  of  the  greatest  importance  for  these  organisms  to  be  able  to 
aggregate  in  light  of  the  proper  intensity,  not  only  for  their 
own  welfare,  but  also  because  of  the  dependence  of  many  other 
beings  on  them  for  food.  And,  strange  as  it  may  seem,  these 
simple  organisms  without  eyes  have  the  power  to  do  this ;  when 
the  light  gets  intense  they  go  down ;  when  it  gets  weak  they  swim 
to  the  surface.  But  what  interests  us  mainly  at  present  is  how 
they  regulate  their  movements  not  only  in  attaining  regions  of 
proper  illumination  but  also  in  remaining  in  these  regions.  This 
is  found  to  differ  in  different  species.  I  shall  have  time  to  de- 
scribe the  regulation  of  movement  in  only  two,  one  of  which  is 
known  as  Euglena,  the  other  as  Amoeba. 

Euglenas  are  small  cigar-shaped  green  orgatiisms,  scarcely  o.i 
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millimeter  in  length  and  but  little  more  than  0.0 1  mm.  in  diameter 
— quite  too  small  to  be  seen  with  the  naked  eye,  but  most  beauti- 
ful creatures  as  seen  under  the  microscope.  Attached  to  one  end 
there  is  a  thread-like  protoplasmic  projection  nearly  as  long  as 
the  body  of  the  organism,  and  it  is  by  means  of  this  that  the 
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Fig.  I.— Euglena,  showing  general  structure  of  different  forms. 

A,  C,  Euglena  in  crawling  .«-tate  ;  B,  probably  a  form  of  E.  viridis ;  D,  E.  E.  deses; 
e.  s..  pijinient-spot ;  c.  v.,  contiaciile  vacuole  ;  c.  h.,  gieen  bodies  containing  chlorophyll, 
space  in  B  limited  by  doited  lines  well  fillc-d  with  sm«ll  ones;  w.  nucleus;  c,  caudal 
spine  ;  1',  pigment  granules  which  appear  to  be  compo-ed  of  same  substance  as  pigment- 
spot.— these  wrre  found  in  only  a  few  s])ecimens;  E,  shows  typical  cuivature  toward 
dorsal  surface  while  swimming  in  direction  indicated  by  arrow;  y,  pigment-spot  highly 
magnified  ;  5,  surface  view;  a,  view  from  anterior  end.  The  convex  surface  is  directed 
GUI  ward.  mm.  projected  scale  with  the  same  magnification  as  the  Euglenas.  .\11  outlines 
were  made  with  camera  trom  specimen.^  killed  in  iodine.  Contractile  vacuoles  and  nucle 
were  sketched  free  hand  from  living  specimens. 

Euglenas  swim.  During  this  process  the  thread-like  projection 
extends  forward  and  has  a  corkscrew  motion  by  means  of  winch 
the  organisms  are  literally  pulled  through  the  water  as  they  turn 
on  their  long  axes.  Somewhat  below  the  surface  near  the  an- 
terior end  there  is  a  small  disk-shaped  mass  of  brownish  pigment 
which  is  opaque  to  all  of  the  shorter  waves  of  light,  the  green, 
the  blue  and  the  violet.  Sometimes  the  Euglenas  lose  their  lash- 
like projection  and  then  they  proceed  by  crawling  on  the  bottom. 
Tn  this  state,  just  as  in  the  free-swimming  state,  they  rotate  on 
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their  long  axes  as  they  progress  but  they  ordinarily  move  much 
more  slowly.  Their  crawling  rate  of  movement  is  seldom  more 
than  0.3  mm.  per  minute. 

Euglenas  are  found  in  great  numbers  in  the  open  sewers  about 
Baltimore.  They  usually  collect  on  the  bottom,  frequently  in 
such  masses  as  to  give  the  water  a  deep  green  color.  If  a  large 
number  are  mounted  in  a  dark  field  which  contains  a  light  area 
of  moderate  intensity,  they  aggregate  in  the  light  in  the  course 
of  a  very  few  minutes,  frequently  to  such  an  extent  as  to  form  a 
dense  green  mass.  How  do  they  get  into  this  area  of  light  and 
what  keeps  them  there? 

Under  some  conditions  they  get  into  the  illuminated  area 
accidently,  that  is,  by  swimming  about  at  random ;  under  others, 
they  orient  and  swim  directly  toward  the  light  from  all  direc- 
tions. In  either  case  they  remain  because  whenever  they  reach 
the  edge  of  the  area  of  light  so  as  to  cause  a  decrease  of  in- 
tensity on  the  anterior  end  they  are  stimulated  and  consequently 
stop  and  turn  in  another  direction.  This  response  is  repeated 
every  time  they  come  to  the  edge  of  the  field.  Thus  the  il- 
luminated area  acts  like  a  trap.  The  Euglenas  can  get  in  with- 
out any  trouble,  but  every  time  they  reach  the  edge  on  the  way 
out  they  are  turned  back  by  the  stinmlus  produced  by  the  de- 
crease of  intensity.  But  how  is  it  that  they  can  orient  or  turn 
toward  and  swim  directly  into  the  area  of  light?  Before  answer- 
ing this  question  let  me  say  a  few  woids  more  on  their  aggrega- 
tion. If  in  place  of  having  a  spot  of  light  of  moderate  intensity 
surrounded  by  a  dark  field,  it  is  surrounded  by  intense  light 
as,  for  example,  direct  sunlight,  it  is  found  that  the  Euglenas 
still  collect  in  the  moderately  illuminated  area.  Exposure  to  very 
intense  light  causes  a  reversal  in  all  their  reactions,  so  ihat  they 
no  longer  respond  when  they  pass  from  regions  of  higher  into 
those  of  lower  intensity  as  they  formerly  did,  but  just  the  oppo- 
site, and  if  they  orient  at  all  they  face  and  swim  toward  the 
darker  regions,  instead  of  the  lighter,  and  under  such  conditions 
they  collect  in  the  weaker  light  in  place  of  the  stronger ;  the  area 
of  moderate  illumination  acts  like  a  trap  just  as  in  the  case  of  the 
dark  field  save  that  now  it  is  an  increase  in  place  of  a  decrease 
of  intensity  which  prevents  the  creatures  from  leaving  the  area. 
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It  is  evident  that  such  a  reversal  in  reactions  is  of  prime  im- 
portance to  these  creatures.  It  can  be  seen  even  more  clearly 
if  Euglenas  are  mounted  in  horizontal  rays  of  light  from  a  single 
compact  source.  Under  such  conditions  they  orient  and  swim 
fairly  directly  toward  the  light  until  they  have  been  exposed  for 
some  lime  and  the  intensity  becomes  very  high,  then  they  turn 
about  and  swim  as  directly  in  the  opposite  direction  until  they 
have  reached  and  have  been  m  weaker  light  for  a  short  period, 
when  they  become  positive  again.  The  tendency  under  these 
conditions  is  also  to  aggregate  in  light  of  moderate  intensity. 

But  let  us  return  to  the  question  of  orientation  and  consider  the 
Euglenas  in  the  crawling  state  since  the  free-swimming  specimens 
move  so  rapidly  that  it  is  almost  impossible  to  see  the  details  in 
their  reactions  under  the  microscope.  If  the  light  intensity  is 
suddenly  decreased  after  specimens  are  oriented  and  moving  to- 
ward its  source,  they  respond  with  a.  definite  and  specific  reaction 
which  consists  of  a  sharp  bending  toward  the  ventral  surface. 
Precisely  the  same  reaction  is  found  in  the  process  of  orienta- 
tion. Just  what  occurs  during  this  process  can  best  be  seen  by 
arranging  two  sources  of  light  so  that  the  rays  cross  at  right 
angles  under  the  microscope  and  then  after  the  Euglenas  are 
oriented  in  the  light  from  one  source  suddenly  exposing  them  to 
that  from  the  other  so  as  to  illuminate  one  side.  Under  such 
conditions  the  direction  of  the  rays  can  be  rapidly  changed 
through  90°  as  often  as  desired  by  alternately  shading  the  two 
sources  of  light.  The  details  in  the  process  of  orientation  will 
be  more  readily  understood  by  referring  to  the  accom.panying 
figure  in  connection  with  the  following  description. 

If  the  ventral  surface,  the  surface  opposite  the  pigment-spot, 
faces  the  source  of  light  after  the  direction  of  the  rays  is  thus 
changed,  there  is  no  immediate  reaction.  The  Euglenas  con- 
tinue on  their  course  as  though  no  change  had  taken  place  until 
the  rotation  on  the  long  axis  carries  the  dorsal  surface  over  into 
a  position  in  which  it  faces  the  light.  As  soon  as  this  surface,  the 
surface  containing  the  pigment-spot,  faces  the  light  there  is  a 
definite  reaction.  The  Euglenas  respond  just  as  they  do  when 
the  intensity  is  decreased,  they  turn  the  anterior  end  toward  the 
ventral  surface  more  or  less  sharply,  that  is,  away  from  the  source 
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of  light,  but  they  continue  to  rotate  so  that  the  ventral  surface 
soon  faces  the  light  again,  but  it  is  evident,  owing  to  the  curvature 
in  the  body,  that  the  anterior  end  is  now  directed  more  nearly 
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Fig   2.— Euglena  in  crawling  state  showing  details  in  process  of  orientation 

c.  v.,  contractile  vacuole  ;  e.  s.,  eye-spot  ;  n,  o,  direction  of  light;  a-c,  positions  of  Euglena 
with  light  from  n  intercepted;  c-m.  positions  with  light  from  0  cut  off  so  as  to  change  the 
direction  of  the  rays.  If  the  ray  direction  is  changed  when  the  Euglena  is  in  position  c, 
there  is  no  reaction  until  it  reaches  d.  Then  it  suddenlj'  reacts  by  bending  away  from 
the  source  of  light  to  e,  after  which  it  continues  to  rotate  and  reaches  position/",  where  it 
gradually  straightens  to  j',  and  rotates  to  h,  when  the  pigment-spot  again  faces  the  light. 
The  organism  is  again  stimulated  and  bent  to  t,  from  which  it  proceeds  to  j\  etc.,  to  m, 
and  it  is  practically  oriented.  If  the  ray  direction  is  changed  when  the  Englena  is  at  d 
it  responds  at  once  and  orients  as  described  above.  If  the  intensity  from  n  is  lower  than 
that  from  o  the  organi.sm  resp>onds  at  once  when  the  ray  direction  is  changed  no  matter 
in  which  position  it  is. 

toward  its  source  than  it  was  when  this  surface  faced  the  light 
during  the  preceding  rotation.  While  in  this  position,  the  body 
is  somewhat  straightened  so  that  the  anterior  end  is  not  carried 
back  as  far  during  the  following  rotation,  and  when  the  dorsal 
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surface  comes  to  face  the  light  it  is  directed  more  nearly  toward 
its  source  than  it  was  when  the  organism  was  in  this  position  be- 
fore, as  represented  in  Fig.  2.  This  reaction  is  repeated  during 
each  complete  rotation.  Every  time  the  pigment-spot  becomes 
more  strongly  illuminated  the  organism  responds  by  bending,  and 
when  it  becomes  shaded  the  organism  gradually  straightens  out 
and  resumes  its  normal  form  again ;  thus  the  anterior  end  be- 
comes directed  more  and  more  nearly  toward  the  source  of  light 
until  the  organism  reaches  an  axial  position  in  which  the  pigment- 
spot  is  no  longer  exposed  to  sufficient  changes  in  illumination 
during  the  process  of  rotation  to  cause  a  bending  reaction.  The 
organism  therefore  continues  in  this  direction,  that  is,  more  or 
less  nearly  toward  the  source  of  light.  Orientation  is  frequently 
brought  about  in  two  or  three  rotations.  It  is  clear  that  during 
this  process  light  does  not  act  continuously  as  an  orienting 
stimulus.The  organism  responds  with  reactions  leading  to  orienta- 
tion only  when  the  dorsal  side  is  turned  toward  the  source  of  il- 
lumination, not  when  the  ventral  side  is  exposed.  And  it  should 
be  emphasized  that  the  first  movement  in  the  response  is  a  bend- 
ing away  from  the  source  of  light,  toward  which  it  later  becomes 
oriented. 

It  is  evident  from  the  above  description  that  turning  into  such 
a  position  that  the  pigment-spot  faces  the  source  of  light  pro- 
duces a  stimulation  which  results  in  a  definite  reaction.  In  this 
reaction  the  organism  always  bends  the  anterior  end  toward  the 
ventral  surface.  It  appears  at  first  thought  as  though  this  re- 
action were  due  to  the  illumination  of  the  pigment-spot.  This  is 
however  not  true,  for,  as  pointed  out  above,  the  response  which 
leads  to  orientation  is  precisely  the  same  as  that  caused  by  a  de- 
crease in  illumination  without  any  change  in  the  direction  of  the 
rays.  It  appears  probable  then  that  the  orienting  response  is  due 
to  a  decrease  of  intensity  of  some  sort.  It  is  known  (i)  that  the 
anterior  end  of  the  Euglenas  is  more  sensitive  than  the  rest  of 
the  body;  (2)  that  the  shorter  waves  of  the  spectrum  are  most 
efficient  in  stimulating  them;  and  (3)  that  the  pigment-spot  is 
opaque  to  these  rays.  The  orienting  stimulus  is  probably  due 
then  to  the  decrease  of  intensity  on  the  anterior  end  caused  bv  the 
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shadow  of  the  pigment-spot  when  this  is  turned  toward  the  hght, 
not  to  the  illnmination  of  this  spot. 

It  is  assumed  that  many  of  the  responses  of  this  organism  to 
light  are  rooted  in  the  eflect  of  Hght  on  the  process  of  photo- 
synthesis.— the  synthesis  of  complex  chemical  compounds  in 
light.  This  as  previously  stated,  takes  place  only  in  connection 
with  chlorophyll.  Euglenas  swimming  into  a  shadow,  however, 
respond  and  turn  back  into  the  light  as  soon  as  the  anterior  end 
which  often  contains  no  chlorophyll  becomes  shaded,  that  is, 
before  the  green  part  which  has  to  do  with  photosynthesis  reaches 
the  shadow  at  all.  If  the  assumption  is  true,  it  is  evident  then 
that  this  organism,  like  the  wise  among  its  more  complicated 
relatives,  the  hunian  beings,  does  not  live  and  act  entirely  in  the 
present,  nor  does  it  respond  entirely  with  reference  to  the  past 
and  present,  but  also  with  reference  to  the  future.  It  is  not 
primarily  interested  in  avoiding  the  condition  of  illumination 
which  induces  the  response,  but  it  is  interested  in  avoiding  the 
condition  which  would  follow  if  it  did  not  respond  when  it  does. 
It  is  of  no  apparent  importance  to  the  organism  to  keep  the  color- 
less anterior  end  illuminated,  but  it  is  of  the  greatest  importance 
to  keep  the  green  part  back  of  this  end  in  the  proper  intensity  of 
light.  All  of  the  reactions  are  however  no  doubt  associated  with 
chemical  changes  within  the  organism.  Just  what  these  chemical 
changes  are  and  how  they  are  regulated  are  fundamental  prob- 
lems for  the  scientist  of  the  future. 

I  shall  refer  only  very  briefly  to  the  movements,  particularly  the 
movements  wiiich  result  in  orientation  of  the  organism  known  as 
Amoeba.  An  amoeba  consists  of  a  minute  mass  of  jelly-like 
protoplasm,  rarely  large  enough  to  be  seen  with  the  naked  eye. 
It  lives  in  slime  on  the  surface  of  stagnant  water  or  in  ooze  at 
the  bottom,  and  feeds  largely  on  bacteria  and  microscopic  green 
plants,  which  it  engulfs  entire  by  flowing  around  them.  It  is  all 
mouth  :  food  may  be  taken  in  practically  anywhere  on  the  surface. 

It  has  no  locomotor  appendages,  but  flows  or  rolls  along  over 
the  surface  on  which  it  moves,  ^ending  out  blunt  projections 
called  pseudopods,  and  withdrawing  them  as  it  proceeds  as  rep- 
resented in  Fig.  3.  Distinct  protoplasmic  currents  in  the  direc- 
tion  of   locomotion    are  clearly   seen   during   this   process.     The 
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pseudopods  appear  to  be  formed  by  a  weakening  of  the  surface 
at  the  point  of  formation,  and  a  consequent  rapid  flow  in  that 


Fig.  3. — Camera  drawing^  representing  different  stages  in  the  process  of  orientation 

in  Amoeba  proteus. 

/,  Amoeba  oriented  in  light ;  /'/',  2'-9  successive  positions  after  exposure  to  light  //,  time 
indicated  on  each.  Arrows  represent  the  direction  of  currents  of  protoplasm  in  the 
pseudopods.  In  those  which  do  not  contain  arrows  there  were  no  noticeable  currents  at 
the  time  the  sketch  was  made.  //  aud  /'/',  direction  of  light ;  nutt,  projected  scale  indi- 
cating the  actual  size  of  the  Amoeba. 
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direction.  Concerning  the  mechanics  and  regulation  of  the  move- 
ment in  this  creature  but  httle  is  as  yet  known.  But  it  is  known 
that  it  responds  to  touch,  electricity,  chemicals,  heat,  light,  etc. 

Am.oebas  contain  no  chlorophyll.  They  tend  to  avoid  light, 
especially  if  it  is  strong.  Jf  exposed  to  direct  sunlight  they 
orient  fairly  accurately  and  move  from  the  source  of  light.  The 
reactions  involved  in  the  process  of  orientation  as  seen  in  a  given 
individual  are  accurately  represented  in  Fig.  3.  By  referring  to 
this  figure  it  will  be  seen  that  when,  without  changing  the  light 
intensity,  the  direction  of  the  rays  is  suddenly  changed  so  as  to 
illuminate  one  side  of  the  creature,  all  movement  toward  this  side 
is  inhibited,  and  gradually  more  and  more  pseudopods  are  sent 
out  on  the  opposite  side,  until  the  organism  is  oriented  and 
moves  from  the  light.  The  inhibition  of  movement  on  the  il- 
luminated side  is  no  doubt  due  to  the  increase  of  the  light  in- 
tensity there.  Just  why  this  should  cause  cessation  of  movement 
except  in  so  far  as  it  may  be  injurious  is  not  known.  And  there 
is  no  evidence  indicating  that  it  is  injurious,  for  after  a  few 
moments'  exposure  even  in  very  strong  light,  movement  usually 
begins  again.  If  intense  light  is  thrown  on  active  specimens  all 
the  movement  in  the  whole  organism  stops  at  once.  This  is 
particularly  marked  if  the  light  is  rich  in  the  shorter  rays.  Red 
and  yellow  have  very  little  effect  on  the  movement.  After  a 
few  moments'  exposure  currents  are  again  seen  in  the  protoplasm 
and  the  creatures  gradually  become  active. 

Tn  closing  I  wish  to  call  your  attention  to  an  interesting  point 
brought  out  in  the  reaction  of  Amoebas  in  avoiding  intensely  il- 
luminated areas  as  represented  in  Fig.  4,  which  shows  the  process 
as  seen  in  an  individual  sketched  at  the  time  of  observation.  By 
referring  to  this  figure  it  will  be  seen  that  after  one  pseudopod 
came  in  contact  with  the  illumination  and  was  stopped,  the  amoeba 
did  not  at  once  proceed  in  the  opposite  direction  so  as  to  avoid 
the  light,  but  sent  out  other  pseudopods  at  only  a  slight  angle 
with  the  first  apparently  trying  to  get  around  the  object  in  this 
way.  The  character  of  the  response  did  not  change  after  the 
first  pseudopod  came  in  contact  with  the  light,  nor  did  it  change 
after  the  second  and  third  came  in  contact  with  it.  But  after  the 
fourth  became  exposed  the  direction  of  motion  was  nearly  re- 
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versed.  This  indicates  that  the  reaction  was  modified,  that  after 
having  been  stimulated  in  a  given  way  a  few  times  the  creature 
changed  its  method  of  response.  Or,  to  put  it  in  popular  lan- 
guage, after  the  organism  had  made  several  attempts  to  avoid  the 
light  in  going  in  a  given  direction  and  failed,  it  tried  another 
direction.     A  change  in  response  of  this  sort  is  what  is  usually 


c;^ 


Fig.  4.     Sketches  representing  the  reactions  of  an  amoeba  proceeding  toward  an  intense 
areas  of  light,  the  rays  of  which  were  perpendicular  to  the  slide. 

A,  field  of  light  formed  by  focusing  a  limited  section  of  a  gas  mantle  on  the  slide. 
I'-io,  successive  positions  of  the  amoeba  a  little  less  than  one  half  minute  apart.  Arrows 
indicate  direction  of  currents  in  pseudopods. 

observed  in  higher  animals  during  the  process  of  learning;  and 
while  I  do  not  wish  to  be  understood  as  advocating  that  Amoebas, 
naked  specks  of  protoplasm,  can  hope  to  attain  much  honor  or 
glory  in  the  way  of  scholarship,  their  reactions  seem  to  indi- 
cate that  they  possess  at  least  some  of  the  fundamentals  neces- 
sary to  attain  knowledge. 
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discussion. 

Dr.  p.  W.  Cobb: — The  organisms  described^  in  using  their 
function  of  hght  sensitiveness,  act  very  much  in  general  as  the 
human  being  does.  They  look  out  for  the  main  chance.  As  is 
well  known,  the  larger  organisms  are  composed  of  millions  of 
smaller  organisms  known  as  cells,  which  are  built  up  into  tissues 
and  form  the  ]x)dy.  The  progress  of  study  in  the  medical 
sciences  has  led  men,  first,  before  the  microscope  was  invented, 
to  consider  the  gross  appearances ;  medicine  consisted  then  in 
examining  the  symptoms  externally — and  later,  in  dissesting  the 
dead  body  and  noting  the  gross  appearances  of  the  diseased 
organs.  When  the  microscope  came  to  be  applied,  the  cell  theory 
was  originated  and  received  support;  then  the  science  of 
disease  became  a  study  of  disease  processes  in  cells.  It  has 
been  the  same  way  with  physiology.  More  and  more  the  tend- 
ency is  to  look  to  the  influence  on  cells,  of  changes  in  conditions 
of  their  environment  for  instance,  as  regards  chemical  differences. 
In  the  case  of  these  and  similar  organisms,  the  addition  of  slight 
amounts  of  chemical  substances  to  the  water  in  which  they  live 
has  been  tried  and  the  eflfect  on  the  organisms  noted.  Of  course, 
in  the  body  of  the  larger  organisms  there  is  the  specialization  of 
various  groups  of  cells  for  various  purposes.  Certain  cells, 
muscle  cells,  have  the  function  of  muscular  contraction,  putting 
forth  energy ;  bone  cells  which  lie  within  the  bone  in  small  spaces, 
have  the  function  of  building  bone  tissue,  and  so  on.  There  are 
certain  cells  in  which  the  function  that  Professor  Mast  has  ex- 
plained is  specialized,  and  these  are  the  light-sensitive  cells  of  the 
retina.  As  the  euglena  responds  by  varying  its  motion  in  a 
definite  way  with  respect  to  the  direction  of  the  rays  of  light 
which  fall  upon  it,  so  I  think  we  can  say  in  a  much  more  compli- 
cated way  the  entire  organism,  man  himself,  regulates  his  mo- 
tions by  the  way  light  falls  on  the  cells  in  the  retina,  that  is.  on 
the  visual  cells.  However,  there  are  only  two  sets  of  cells  so 
far  as  I  know  that  respond  directly  to  the  light  that  falls  upon 
them.  The  cones,  which  are  one  of  the  sets  of  light  receiving 
organs,  respond  by  moving  toward  the  light,  and  parts  of  certain 
pigment  cells  just  back  of  the  retina  move  with  the  spaces  be- 
tween the  rods.     An  eye  which  has  been  exposed  to  the  light 
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shows  the  cones  and  pigment  as  having  moved  towards  the 
surface  of  the  retina  exposed  to  the  light ;  and  a  dark  eye —  that 
is,  the  eye  of  an  animal  kept  in  the  dark  for  an  hour,  and  killed 
in  the  dark — does  not  show  this.  This  function,  the  movement, 
in  response  to  light  stimulation  and  changes  in  the  light  stimula- 
tion of  these  retinal  cells,  constitutes  in  the  higher  organisms  a 
process  which  involves  millions  of  cells.  I  have  reference  here 
to  those  automatic  movements  of  pupillary  change,  accommoda- 
tion and  movements  of  the  eyeball  as  a  whole.  In  this  little 
organism  which  is  composed  of  one  cell  only,  this  function  of 
response  to  light  is  still  found.  In  the  one  cell  in  this  case  there 
are  beginnings  of  all  the  functions  that  are  found  in  higher 
organisms,  and  it  is  to  be  noted  that  the  light  receiving  function 
is  not  excepted.  From  this  standpoint  the  paper  is  very  interest- 
ing. 

Mr.  C.  0.  Bond: — Will  Professor  Mast  tell  us  the  effect  of 
different  colored  lights  on  these  little  organisms  ?  In  his  diagram 
he  showed  that  they  moved  collectively  from  a  place  that  was  too 
dark  for  them,  and  afterwards  moved  from  one  which  was  too 
light  for  them ;  but  after  a  time  they  reached  a  fixed  point, — one 
which  was  satisfactory  to  them.  Ishould  like  to  know  if  any  means 
were  taken  for  measuring  the  distance  of  that  point  from  the 
light  source  to  know  what  intensity  was  found  best,  and  whether 
that  value  would  apply  to  the  group  of  them  or  to  each  individual 
organism.  I  think  the  lecture  is  most  interesting  as  describing 
the   original  portable  photometer. 

Mr.  F.  J.  Pearson  : — Does  Prof.  Mast  consider  the  effect  of  the 
light  as  exercising  any  dynamic  resistance  to  the  movement  of 
the  organisms  in  their  propulsion  through  the  water?  Is  the 
bending  contortion  of  the  micro-organisms  intended  to  eliminate 
the  resistance  to  their  progress  through  the  water? 

Professor  Mast : — As  far  as  I  know  light  in  itself  does  not 
change  the  friction  in  the  water.  Heat  does  however,  and  the 
light  that  is  absorbed  by  the  water,  of  course,  is  changed  into 
heat,  and  in  that  v^'ay  it  undoubtedly  has  some  slight  effect  on 
friction.  But  this  has  very  little  to  do  with  the  movements  of  the 
lower  organisms  except  in  so  far  as  differences  in  temperature 
may  produce  currents  which  carry  them. 
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The  effect  of  color  has  been  quite  thoroughly  studied.  The 
light  rays  that  have  the  greatest  stimulating  efficiency  in  the 
organisms,  are  those  below  the  blue,  the  blue  and  violet  in  par- 
ticular ;  when  one  gets  to  the  shorter  rays  in  the  violet,  then  the 
effect  is  not  quite  as  great.  The  greatest  stimulating  efficiency 
for  a  given  amount  of  energy  is  then  between  the  blue  and  the 
violet. 

There  is  great  individual  variation  in  all  of  these  organisms. 
One  may  respond  in  a  definite  way  at  one  particular  time  and 
another  one  may  respond  in  a  different  way,  and  all  of  them  have 
the  power  to  adapt  themselves  to  some  extent  to  their  environ- 
ment. If  they  are  kept  in  a  high  light  intensity  for  a  long  time — 
that  is  not  too  high,  but  just  high  enough  so  they  live  in  it — their 
optimum  usually  becomes  higher;  that  is,  they  become,  so  to  say 
attuned  to  a  higher  light  intensity.  Certain  changes  take  place 
within  them.  Perhaps  more  pigment  is  deposited,  so  that  less 
light  gets  into  them ;  at  any  rate,  they  can  live  in  a  higher  light 
intensity.  If  these  organisms  were  kept,  say,  in  a  ten  candle- 
power  light  for  a  long  time,  and  then  suddenly  exposed  to  a 
thousand  candle-power,  it  might  kill  them ;  whereas,  if  they  were 
kept  in  a  hundred  candle-power  for  a  long  time  and  exposed 
to  a  thousand  candle-power,  it  might  have  no  effect  on  them. 
The  amount  of  light  then  that  is  best  suited  for  the  well  being 
of  these  organisms  at  a  given  time  depends  upon  the  amount  to 
which  they  have  been  accustomed.  There  is  however,  consider- 
able individual  variation  in  this  matter. 

President  Hyde: — What  is  the  effect  of  ultra-violet  light  of 
extremely  short  wave-length,  when  the  organisms  come  close 
enough  to  the  surface,  so  that  they  are  exposed  to  radiation  of 
sufficient  intensity? 

Professor  Mast: — Ordinarily  ultra-violet  is  injurious  to  these 
organisms. 

President  Hyde : — Do  they  deliberately  go  away  from  it  ? 

Professor  Mast : — This  has  not  been  worked  out ;  it  is  extreme- 
ly difficult  to  work  in  ultra-violet  light,  because  our  eyes  cannot 
see  the  organisms  in  it. 
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ILLUMINATING  ENGINEERING  SHEETS   FOR  THE 
CALCULATION   AND   RECORDING  OF   DATA/ 


BY     r.    S.    CODMAN 


Although  in  the  last  four  years  since  the  formation  of  the 
Illuminating  Engineering  Society  in  1906,  there  has  been  a  great 
development  of  the  mathematical  theory  of  illumination,  and  al- 
though great  progress  has  been  made  toward  facilitating  cal- 
culations in  accordance  with  this  theory  by  means  of  tables  of 
illumination,  special  charts  and  slide-rule  calculators,  special- 
ly designed  platting  paper  for  photometric  curves,  and  by  the 
publication  of  special  data  in  regard  to  various  lamp  sources ; 
nevertheless,  the  labor  of  making  calculations  is  still  an  ob- 
stacle to  a  very  extended  use  of  the  theory  in  practical  work. 
It  is  generally  the  case  to-day  that  small  problems  in  illumina- 
tion are  not  solved  on  scientific  principles,  since  they  do  not  war- 
rant the  time  necessary  for  the  calculations.  The  writer  believes 
that  the  engineering  sheets  presented  herewith,  will  prove  to  be 
of  great  assistance  toward  increasing  the  usefulness  of  the 
mathematical  theory  of  illumination  in  practical  work. 

In  presenting  these  sheets,  the  writer  desires  to  take  the  op- 
portunity of  expressing  his  appreciation  of  the  suggestions  and 
co-operation  of  ■Mr.  E.  B.  Rowe,  and  to  thank  Mr.  J.  A.  Spears 
for  his  assistance  in  checking  the  values  given.  It  is  believed 
that  the  latter  are  absolutely  correct  as  far  as  they  go,  but 
they  have  not  been  carried  further  than  three  significant  figures, 
which  is  as  far  as  would  seem  to  be  warranted. 

The  sheets  described  are  designed  to  have  three  functions : — 

First : — To  serve  as  a  convenient  means  of  recording  the  re- 
sults  of   photometric   tests. 

Second : — To  facilitate  the  making  of  calculations  from  the 
test  data   recorded,   and 

Third: — To  serve  as  a  convenient  record  of  such  calculations, 
so  that  repetition  of  work  done  will,  to  a  great  extent,  be  avoided. 

1  A  paper  presented  at  the  Fourth  Atinual  Convention  of  the  Illuminating  Engineer 
ing  Society,  Baltimore,  October  24  and  25,  i<)io. 
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There  are  two  sheets  described  which  may  be  called  the  "angle" 
sheet  and  the  ''distance"  sheet.  The  former  is  first  explained 
in  detail  and  the  latter  will  then  need  only  a  few  words. 

THE  ''angle''  sheet. 

It  will  be  noted  that  at  the  top  of  the  sheet  there  is  a  space 
for  description  of  the  lamp,  a  space  for  the  description  of  its 
equipment,  and  other  spaces  the  purposes  of  which  are  evident. 
The  remainder  of  the  sheet,  with  the  exception  of  a  portion 
at  the  bottom  reserved  for  obvious  purposes,  is  divided  into  ver- 
tical columns  and  an  explanation  of  each  column  follows : — 

Column  I.  Angle  ^.  In  this  column  is  given  the  angle  made 
with  the  vertical  from  o°  to  i8o°,  in  five  degree  steps. 

Column  2.  Distance  from  foot  of  perpendicular.  This  col- 
umn gives  the  values  of  the  tangent  of  angle  corresponding 
to  the  values  of  the  angle  opposite  in  the  first  column,  and 
since  the  height  of  lamp  is  unity,  (see  top  of  sheet)  these  are 
also  the  values  of  the  horizontal  distance  from  the  point  directly 
under  the  lamp  to  the  points  illuminated  by  the  I'ght  at  different 
angles. 

For  angles  greater  than  90°  it  is  assumed  either  that  the 
points  to  be  illuminated  are  above  instead  of  below  the  lamp, 
or  that  the  lamp  is  inverted  so  that  the  upward  rays  become 
downward  rays. 

Column  3.  Candlc-pozver.  In  this  column  it  is  intended  to 
put  the  values  of  the  candle-power  ascertained  from  test,  and 
when  this  is  done,  the  sheet  is  ready  to  be  filed  away  until  such 
time  as  it  may  be  convenient  to  make  calculations.  If  values  of 
candle-power  additional  to  those  from  the  test  are  desired,  the 
usual  photometric  curve  can  be  constructed  from  the  test  val- 
ues and  the  additional  derived  values  can  then  be  entered  in 
the  table.  After  the  candle-power  values  have  been  entered,  the 
various  illumination  and  other  values  indicated  can  be  calcu- 
lated when  desired,  and  at  the  same  time  a  permanent  record 
will  be  obtained  of  all  calculations  made. 

Column  ^.  Cos^  ^.  This  column  gives  the  values  of  the 
square  of  the  cosine  of  the  angles  corresponding  in  the  first 
column,  and  these  values  serve  as  constants  for  calculating  the 
values  of  the  normal  illumination  for  insertion  in  the  next 
column. 
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,  Column  5.  Normal  Illumination.  The  normal  illumination 
at  a  point  is  found  from  the  formula. 

candle-power  X  cos'  ^ 

^"-  -  (height)'  ■ 

and  since  height  is  taken  as  unity,  we  can,  therefore  write  down 
in  this  column  the  values  of  the  normal  illumination  by  finding 
the  product  of  the  corresponding  values  in  the  third  and  fourth 
columns  ;  that  is,  the  values  of  candle-power  and  cos^  ^.  When 
the  values  for  any  other  height  than  unity  are  desired  they  can 
readily  be  calculated  from  the  "unity"  values  recorded  on  the 
sheet,  by  dividing  by  the  square  of  the  height  in  whatever  unit 
this  height  is  expressed,  and  the  result  will  be  in  foot-candles, 
meter-candles  or  lux,  yard-candles,  etc.,  as  the  case  may  be.  If 
desired  to  keep  a  permanent  record  of  these  values,  another 
sheet  can  be  taken  for  the  purpose  with  the  new  height  inserted 
instead  of  unity  and  the  remainder  of  the  sheet  can  be  left 
blank. 

Column  6.  Cos^  ^.  The  values  of  the  cos^  <E>  given  in  this 
column  are  the  constants  for  obtaining  the  values  of  the  hori- 
zontal illumination  for  the  seventh  column. 

Column  7.  Horizontal  Illumination.  All  that  has  been  said 
above  in  regard  to  normal  illumination  values  applies  to  the 
values  of  the  horizontal  illumination  to  be  entered  in  this  col- 
umn, except  that  the  values  of  the  cos'  ^  are  used  instead  of 
those  of  the  cos'^  <l>,  in  making  the  calculations. 

Column  8.  Lumen  Constant.  It  has  been  shown  by  a  number 
of  writers  (see  Wohlauer,  "Illuminating  Engineer,"  Feb.,  1909, 
page  657)  that  the  flux  of  light  in  lumens  through  any  zone  of 
the  sphere  determined  by  two  angles  with  the  vertical,  is  given 
by  the  following  formula : — 

F  =  2  TT  ly  (cos  <l>j  —  cos  <I>2) , 
where  $j  and  ^2  ^^^  the  the  two  determining  angles  and  Iv  is  the 
mean  value  of  the  candle-power  between  these  angles.  If  the 
zone  taken  is  a  small  one,  the  candle-power  at  the  angle  bisect- 
ing the  zone  can  be  assumed  to  be  the  mean  candle-power. 
On  these  sheets  this  assumption  is  made,  as  the  zones  considered 
are  ten-degree  zones.  The  "Lumen  Constant"  on  the  sheets 
is  the  value  2ir  (cos  ^^  —  cos  ^J,  and  this  value,  multiplied  by 
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the  candle-power  value  opposite  it,  gives  the  flux  in  lumens  for 
that  ten-degree  zone.  For  example,  the  value  of  the  "lumen 
constant"  opposite  angle  35  degrees  is  0.628  and  this  value  mul- 
tiplied by  the  candle-power  at  this  same  angle  gives  the  lumens 
for  the  zone  between  30  and  40  degrees. 

Column  p.  Lumens.  These  values  can  be  ascertained  for 
each  zone  by  multiplying  the  "lumen  constant"  by  the  candle- 
power  as  above  stated. 

Column  10.  Area  of  Ring.  By  "area  of  ring"  is  meant  the 
area  of  the  ring  in  a  horizontal  plane  at  unity  distance  below  or 
above  lamp,  of  which  ring  the  width  is  subtended  by  the  differ- 
ence between  the  angles  determining  a  zone.  For  instance,  the 
ring  of  which  the  width  is  subtended  by  the  difference  between 
the  angles  10  and  20  degrees  with  vertical,  has  a  certain  area 
which  can  be  calculated  from  the  following  formula : — 

A  =  TT  tan'^  ^^  —  TT  tan'^  4>j, 
where  ^.^  and   ^j   are  the  angles  with  the  vertical  determining 
the  zone,  in  this  case  20  and  10  degrees.     These  area  values  are 
given  on  the  sheets  in  this  column  and  are  of  use  in  obtaining 
the  values  in  the  next  column. 

Column  II.  Average  Illumination.  The  values  to  be  placed 
in  this  column  are  those  for  the  average  illumination  over  the 
rings  the  area  values  of  which  are  given  in  the  preceding  col- 
umn. These  values  can  be  obtained  by  dividing  the  flux  in 
lumens  received  by  each  ring,  by  the  area  of  the  ring;  that  is,  by 
dividing  the  values  in  Column  9  by  those  in  Column  10.  and 
with  the  resulting  values  permanently  recorded,  corresponding 
values  for  other  heights  than  unity  can  be  calculated  by  simply 
dividing  these  values  in  the  table  by  the  square  of  the  height  in 
question. 

Column  12.  Uniformity.  It  is  intended  to  place  in  this  col- 
umn certain  values  which  will  serve  as  an  indication  of  the 
uniformity  of  the  illumination  over  the  corresponding  ring,  and 
it  is  suggested  that  each  of  these  values  be  expressed  in  per  cent, 
of  the  ratio  of  the  minimum  to  the  maximum  value  of  the  hori- 
zontal illumination.  The  minimum  and  maximum  of  each  ring 
would  be  found  from  Column  7  "Horizontal  Illumination"  with 
sufficient    accuracy    for   practical   purposes,    since   in   Column    7 
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would  be  recorded  three  values  of  the  horizontal  illumination  for 
each  ring  determined  by  a  ten-degree  zone;  these  three  values 
are  those  at  the  inner  edge,  the  center  and  the  outer  edge  of 
each   ring. 

Column  JJ.  Lumen  Sums.  This  columji  ijs  provided  for 
recording  the  flux  in  lumens  through  the  zones  o°  to  io°,  o°  to 
20°,  0°  to  30°,  etc.,  and  the  values  are  readily  found  by  sum- 
ming up  the  values  in  Column  9  ''Lumens."  For  example,  the 
flux  between  0°  and  10°  is  recorded  opposite  5°  and  is  the  same 
as  in  Column  9,  "IvUmens,"  and  the  flux  between  0°  and  20° 
is  the  sum  of  the  flux  between  0°  and  10°  and  that  between  10° 
and  20°  and  is  recorded  opposite  15°.  By  continuing  this  pro- 
cess of  addition  the  lower  hemispherical  flux  in  lumens  will  be 
found  and  recorded  opposite  85°  and  the  total  spherical  flux 
in  lumens  found  and  recorded  opposite  175°.  The  mean  lower 
hemispherical  candle-power  and  the  mean  spherical  candle-power 
can  then  be  calculated  from  the  lower  hemispherical  and  spheri- 
cal flux  by  dividing  them  by  27r  and  by  47r  respectively,  and  the 
values  can  then  be  recorded  in  this  same  column  in  the  places 
provided.  The  mean  upper  hemispherical  candle-power  can 
then  be  easily  calculated  from  the  mean  lower  hemispherical  and 
the  mean  spherical  candle-powers,  or  it  can  be  found  by  divid- 
ing by  27r  the  difiference  between  the  spherical  and  lower  hem- 
ispherical flux  in  lumens.  The  absorption  due  to  the  equip- 
ment of  the  lamp  is  also  to  be  entered  in  lumens  in  this  column, 
but  cannot  be  ascertained  until  the  next  column  is  filled  out. 

Column  14.  Lumen  Sums,  Lamp  Unequipped.  The  inten- 
tion is  to  record  in  this  column  the  "Lumen  Sums"  for  the  lamp 
without  its  equipment  of  globe,  shade,  or  reflector,  the  values 
being  taken  from  the  thirteenth  column  of  a  supposed  similar 
sheet  already  made  out  for  the  unequipped  lamp.  The  mean 
lower  and  upper  hemispherical  candle-powers  and  the  mean 
spherical  candle-powers  for  the  unequipped  lamp  can  also  be 
entered  in  this  column,  and  from  this  column  also  the  absorp- 
tion for  the  preceding  column  obviously  can  be  readily  ascer- 
tained. The  absorption  for  this  column,  if  entered,  will,  of 
course,  be  zero. 

Column  75.  Per  cent,  equipped  to  total  Hnx.  In  this  col- 
umn are  to  be  entered  the  ratios  in  per  cent.,  of  the  "Lumen 
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Sums"  for  the  lamp  equipped  to  the  total  flux  in  lumens  of  the 
lamp  unequipped.  The  absorption  in  per  cent,  will  also  be  en- 
tered in  this  column  and  the  values  of  the  mean  lower  hemi- 
spherical, mean  upper  hemispherical  and  mean  spherical  candle- 
powers  of  the  equipped  lamp  in  per  cent,  of  the  mean  spherical 
candle-power  of  the  unequipped  lamp. 

Column  i6.  Area  of  Circle.  By  "Area  of  Circle"  is  meant 
the  area  of  the  circle,  in  a  horizontal  plane  at  unit  distance  be- 
low or  above  lamp,  of  which  circle  the  radius  is  subtended  by 
the  angle  in  the  next  lower  line  in  the  first  column.  This  area 
is  calculated  by  the  formula 

A  =  TT  tan'  $. 

Column  //.  Average  Illumination.  The  values  to  be  placed 
in  this  column  are  those  for  the  average  illumination  over  the 
circles,  the  area  values  of  which  are  given  in  the  preceding  col- 
umn. These  values  can  be  obtained  by  dividing  the  flux  in  lu- 
mens received  by  each  circle,  by  the  area  of  the  circle ;  that  is,  by 
dividing  the  values  in  Column  13  by  those  in  Column  16;  with 
these  values  permanently  recorded,  corresponding  values  for 
heights  other  than  unity  can  be  calculated  by  simply  dividing 
these  values  in  the  table  by  the  square  of  the  height  in  question. 

Column  18.  Uniformity.  In  this,  the  last  column,  it  is  in- 
tended to  place  values  which  will  serve  to  indicate  the  uniformi- 
ty of  the  illumination  over  the  corresponding  circle  in  Column 
17,  these  values  being  the  ratios  of  the  minimum  to  the  maxi- 
mum values  of  the  horizontal  illumination  within  the  circle 
as  obtained  from  Column  7,  "Horizontal  Illumination." 

BEST  ANGLES  FOR  MEASURING  CANDEE-POWER. 

It  will  be  observed  that,  if  on  the  "Angle"  sheet  there  have 
been  recorded  the  values  of  the  candle-power  at  5-15-25  degrees 
and  so  on,  by  steps  of  ten  degrees,  there  are  obtained  sufficient 
data  to  calculate  most  of  the  values  provided  for,  including  all 
the  flux,  mean  candle-power,  and  average  illumination  values.  If, 
therefore,  the  candle-power  readings  be  made  at  these  angles, 
one  can  secure  most  of  the  values  needed  without  the  necessity 
of  making  a  photometric  curve.  One  large  manufacturing  and 
engineering  company  has  already  adopted  this  practice  in  making 
tests. 
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the:  ''distance:''  she:e:t. 

It  is  thought  that  the  ''Angle"  sheets  described  above  will  be 
principally  useful  for  comparing  candle-power  and  flux  values 
for  different  light  sources,  but  in  practical  work  on  lighting 
problems  the  columns  giving  illumination  values  will  not,  it  is 
believed,  be  of  so  much  value  as  the  corresponding  columns  on 
the  "Distance"  sheets.  The  "Angle"  sheet  is  founded  on  dif- 
ferences in  the  value  of  angle,  given  in  the  first  column,  while 
the  "Distance"  sheet  is  founded  on  differences  in  the  value  of 
the  tangent  of  the  angle,  or,  what  is  the  same  thing,  on  differ- 
ences in  the  distances  from  the  foot  of  the  perpendicular  for 
unit  height;  for  this  reason  the  first  two  columns  are  reversed, 
the  values  of  tan  ^  being  given  in  the  first  column  and  the  val- 
ues of  angle  $  in  the  second  column.  The  values  of  ^  are  given 
to  the  nearest  half  degree  which  is  close  enough  for  obtaining 
the  proper  candle-power  values,  and  they  are  not  intended  for 
any  other  purpose.  The  other  values  on  the  sheet  which  de- 
pend on  the  values  of  ^  are  not  calculated  from  the  values  of  <^ 
given,  but  from  the  values  of  the  tangent  given  in  the  first  col- 
umn. 

It  should  be  noted  that  the  candle-power  values  from  which 
the  flux  calculations  are  to  be  made,  are  to  be  recorded  for  the 
angles  corresponding  to  the  mid-tangent  values  instead  of  for 
the  mid-angle  values  of  the  zone.  The  difference,  however,  is 
too  small  to  effect  the  results.  It  is  likely  to  be  the  greatest 
where  the  zones  are  the  largest,  namely,  for  the  zones  near  the 
perpendicular  which  are  about  5^  degrees,  and  for  these  zones 
the  error  is  of  the  least  consequence,  as  the  value  of  the  flux 
is  very  small.  Taking,  for  example,  the  zone  determined  by  the 
angles  whose  tangents  are  o.o  and  o.i  the  angle  at  which  the 
candle-power  is  to  be  read  is  3°,  while  the  correct  mid-zone 
angle  is  2°,  51'.  The  candle-power  on  the  sheet  for  the  zone 
determined  by  the  angles  having  tangents  o.i  and  0.2  is  to  be 
read  at  8°,  30'  while  the  correct  value  is  8°,  31'. 

CRITICAL    ANGLK. 

At  the  bottom  of  the  "angle"  sheet  is  a  space  for  inserting 
the  "critical  angle"  of  the  light  source  and  this  term  needs  to 
be  explained. 
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Fig.  2.  — "Distance"  sheet,  blank. 
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If  a  point,  P,  in  a  horizontal  plane  is  at  a  fixed  horizontal 
distance  from  a  light  source  suspended  over  the  plane,  it  will 
be  found  that,  unless  the  photometric  curve  of  the  light  source 
is  of  a  very  unusual  shape,  there  will  be  some  value  of  the 
height  of  lamp  source  which  will  give  a  maximum  value  of  the 
illumination  at  the  point  P,  and  further  this  height  and  the  dis- 
tance to  the  point  will  always  bear  a  definite  ratio  for  any  par- 
ticular light  source.  This  ratio  corresponds  to  a  certain  angle 
between  the  vertical  and  a  line  drawn  from  the  lamp  to  the  fixed 
point,  and  this  angle  may  well  be  called  the  "critical"  angle  of 
the  light  source,  since  at  just  this  angular  distance  from  the 
light  source  the  point  P  will  receive  the  maximum  illumination, 
while  if  this  angle  is  increased  or  diminished  by  decreasing  or 
increasing  the  height  of  the  light  source,  the  illumination  at  P 
will    fall. 

In  those  cases  where  a  field  is  to  be  illuminated  by  a  single 
light  source  hung  over  its  center,  generally  speaking  the  illumi- 
nation will  be  a  minimum  at  the  edge  of  the  field,  and  it  will 
be  necessary  to  place  the  light  source  at  such  a  height  that  this 
minimum  may  be  as  high  as  possible.  If  the  critical  angle,  or 
the  tangent  of  the  critical  angle  of  the  light  source  is  known, 
the  correct  height  can  readily  be  determined  by  dividing  the 
radius  of  the  field  by  the  tangent  of  the  critical  angle.  As- 
sume, for  example,  that  a  light  source  is  suspended  over  a  field 
having  a  diameter  of  ten  feet,  and  that  the  critical  angle  is  45 
degrees.  In  such  case,  the  radius  of  the  field  is  5  feet  and  the 
tangent  of  the  critical  angle  is  unity;  therefore,  the  horizontal 
illumination  at  the  edge  of  the  field  will  be  a  maximum  when 
the  height  of  light  source  is  5  feet. 

When  the  horizontal  illumination  values  for  unit  height  on  the 
"angle"  sheet  have  been  filled  in,  for  any  particular  light  source, 
it  is  not  very  difficult  to  ascertain  the  critical  angle,  as  it  is  nec- 
essary merely  to  ascertain  at  what  angle  the  value  of  the  hori- 
zontal illumination  for  unit  height,  multiplied  by  the  square 
of  the  tangent  of  the  angle,  is  a  maximum.  The  proof  of  this 
statement  is  as   follows : 

The  value  of  the  horizontal  illumination  corresponding  to  an 
angle  ^  and  any  height  h  is  found  by  dividing  the  value  of  the 
horizontal    illumination    for    unit    height,    corresponding    to    the 
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same  angle,  by  the  square  of  the  height  in  question.  Thus,  if 
E  equals  the  horizontal  illumination  at  given  height,  and  e  the 
same  at  unit  height,  then 

For  a  point  P  at  horizontal  distance,   d,   from  light  source, 

d 


h 


tan  <E>' 


and,   therefore. 


e  tan^  ^ 


or  when  d  is  unity, 

E  =  ^  tan'  ^, 

which  proves  the  proposition. 

It  is  interesting  to  note  that  for  a  source  of  light  having 
uniform  candle-power  equal  to  unity, 

e  =  cos'  ^, 
and 

K  =  cos'^  $  tan''  <^, 
and  it  will  be  found  that  E  is  a  maximum  when  $  is  54°,  44'. 

SUMMARY. 

The  above  description  of  the  engineering  data  sheets  should  be 
sufficient  to  make  clear  the  object  of  each  column,  but  it  is  de- 
sirable to  call  attention  to  some  of  their  uses  and  advantages. 

It  is  thought  that  these  sheets  will  be  of  particular  advantage 
to  the  large  lamp  and  reflector  manufacturers,  since  it  will  enable 
them  to  furnish  engineers  with  much  more  complete  information 
in  regard  to  their  product  than  is  furnished  by  a  photometric 
curve.  The  sheets  can  be  worked  up  in  whole  or  in  part  as  the 
regular  routine  duty  of  employees,  and  a  vast  amount  of  dupli- 
cation of  effort  in  calculation  thus  saved  to  the  engineers  of  the 
company,  as  well  as  to  those  outside.  For  example,  the  prac- 
ticing engineer  who  desires  information  in  regard  to  flux  dis- 
tribution finds  this  information  on  one  of  these  sheets  furnished 
by  the  manufacturer  and  does  not  have  to  calculate  it  him- 
self  from   the   photometric   curve.     Again,   when    estimating  il- 
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Fig.  4.  -'Di-stance"  sheet,  filled  out. 


CODMAN  :       ILLUMINATING   KNGINEKRING   SHEETS  65 1 

lumination  values  in  actual  work,  he  need  merely  to  divide  the 
values  on  the  sheet  for  unit  height  by  the  square  of  the  actual 
height,  a  process  exceedingly  simple  as  compared  with  what 
would  ordinarily  have  to  be  done,  and  then  if  intermediate 
values  are  desired,  they  can  be  obtained  by  interpolation  or  by 
platting  an  illumination  curve.  The  "Distance"  sheet  when  com- 
pleted, it  is  believed  will  do  away  with  the  necessity  in  much 
practical  work  of  making  an  illumination  curve.  In  most  cases, 
any  desired  values  of  illumination  at  distances  not  recorded  on 
the  sheet  can  be  found  with  sufficient  accuracy  by  interpolation, 
and  for  any  height  by  dividing  by  its  square. 

Some  of  the  particularly  desirable  features  of  the  sheets  are 
the  following: — • 

First : — They  can  be  readily  filled  out  piecemeal  at  conven- 
ient times,  the  work  being  taken  up  exactly  where  left  off  be- 
cause  all   work   previously    done   is   permanently   recorded. 

Second: — Since  the  sheets  contain  all  the  necessary  constants 
they  can  be  filled  out  without  reference  to  tables  or  books  of 
any  kind. 

Third : — At  any  stage  of  the  proceedings,  additional  copies 
of  the  data  and  calculations  can  be  obtained  by  the  simple  pro- 
cess of  blue  printing. 

It  should  also  be  noted  that  these  sheets  can  be  used  to  great 
advantage  in  calculations  to  ascertain  what  are  ideal  photometric 
curves  for  particular  purposes.  If  definite  flux  or  illumination 
values  are  required,  the  corresponding  candle-power  values  can 
readily  be  determined  by  working  the  sheets  backwards. 

In  Figs.  3  and  4  are  shown  two  sheets  filled  out  with  data  re- 
lating to  a  60-watt  bowl-frosted  tungsten  lamp  equipped  with  a 
prismatic  reflector  of  standard  design  giving  ''extensive"  candle- 
power   distribution. 

DISCUSSION. 

Mr.  V.  R,  Lansingh : — While  I  do  not  wish  to  discuss  Mr. 
Codman's  paper  directly,  I  want  to  call  attention  to  one  simple 
derivation  worked  out  by  Mr.  A.  A.  Wohlauer.  which  I  think 
has  been  overlooked.  Very  often  such  sheets  as  Mr.  Codman's 
are  not  available,  but  there  is  at  hand  only  an  ordinary  photo- 
metric curv^e,  from  which  to  calculate  the  horizontal  illumination. 
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This  in  the  ordinary  practice  to-day  involves  a  table  of  cosines 
squared  or  cosines  cubed.  Mr.  Wohlauer  has  shown  a  method  of 
getting  around  this  table,  which  I  want  to  call  to  your  attention. 

The  ordinary  formula  for  expressing  horizontal  illumination  is 


c-p. 


Ih  =  -jr  cos  <^,   where  Ih 
a 


horizontal  illumination,    c-p.    is 
the  candle-power  in  the  desired  direction,  <^  is  the  angle  between 


Candle-power  aud  distance  relations. 


the  vertical  and  the  ray  and  d  the  distance  from  the  radiator  to 
the  point  measured.  Now  c-p.  cos  <^^Cj-pj.,  as  shown  on  the  dia- 


gram .-.  Ih 


CrP- 


crPr 


Y,  where  //  is  the  height  of  the  radi- 


d'  H'  H-  r' 

ator  above  the  plane  of  reference  and  r  is  the  distance  from  the 
foot  of  perpendicular.  These  two  formula  avoid  any  tables  and 
involves  only  directly  measurable  quantities. 
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SOME  NEGLECTED  CONSIDERATIONS   PERTAINING 
TO  STREET  ILLUMINATION/ 


BY  PRESTON  S.  MILLAR. 


In  a  paper  presented  before  the  October  meeting  of  the  New 
York  Section,  the  writer  called  attention  to  the  fact  that  vehicles, 
pedestrians  and  other  large  objects  in  the  street  at  night  are  seen 
most  usually  as  dark  silhouettes  against  lighted  background. 
This  is  not  always  the  case,  for  objects  are  seen  by  the  aid  of 
light  impinging  upon  them  when  the  light  reflected  from  them 
to  the  observer  is  sufficient  to  make  apparent  contrasts  on  their 
surfaces  or  to  render  them  brighter  than  the  background.  As, 
however,  most  objects  seen  in  the  streets  are  of  lower  light  re- 
flecting power  than  the  street  surface  and  as  through  the  greater 
part  of  the  length  of  a  street  they  receive  less  light  than  does 
some  portion  of  the  background  against  which  they  are  con- 
trasted, it  follows  that  they  are  perceived  most  usually  as  dark 
objects  against  a  lighted  background. 

Fig  I  illustrates  the  above  point.  To  quote  from  the  paper 
just  referred  to — ''The  automobile  shown  was  300  ft.  from  the 
camera  and  nearly  200  ft.  from  the  intermediate  lamp.  If  one 
had  to  rely  upon  the  light  falling  upon  the  automobile  discern- 
ment would  be  out  of  the  question,  but  the  relatively  bright  street 
surface  which  serves  as  a  background  makes  it  easily  visible  even 
with  the  small  flux  of  light  here  available. 

In  the  photograph  one  detects  the  presence  of  an  object  be- 
cause portions  of  the  brightly  lighted  street  surface  and  trees 
are  obscured.  The  outline  of  the  obscuring  object  is  recognized 
as  that  of  an  automobile.  The  presence  of  the  automobile  is 
apparent  not  because  one  sees  it  but  because  one  fails  to  see  the 
lighted  background,  within  the  outline  of  the  object.  The 
phenomenon  is  simply  an  eclipse." 

This  kind  of  discernment  is  so  obvious  and  is  so  generally 
practiced  that  it  seems  almost  presumptuous  to  call  attention  to 
it.     But  the  fact  is  that  the  literature  of  street  lighting,  so  far  as 

1  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Enginee 
ing  Society,  Baltimore,  October  24  and  25,  1910. 
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the  writer  is  informed,  makes  no  mention  of  it,  and  upon  in- 
quiry it  is  learned  that  only  one  of  perhaps  twenty-five  men  who 
are  either  actively  engaged  in  hghting  streets  or  who  have  inter- 
ested themselves  in  the  subject,  has  recognized  this  process  of 
discernment.  Furthermore,  there  are  certain  logical  considera- 
tions which  must  be  taken  uito  account  when  this  method  of 
discernment  is  recognized,  and  these  considerations  have  not  been 
advanced   by  those  who   have   discussed   questions   of   street   il- 


,  ■  ii^^^... .                    ■■>■■■" '^i-^cf 

■■■■'■■■'■■■■''■■"■      ^1^•             ■          .       ^    >:    , 

^^^^H^^k 

^""^^ 

Fig.  I.— view  showing  contrasted-against-light-background  method  of  discernnieiit, 

non-uniform  illumination  and  glare. 

(Taken  for  the  author  by  the  photographic  department  of  the  New  York  Edison  Company.) 

lumination.  In  consequence  of  this  it  has  been  considered 
justifiable  to  present  this  "contrasted  against  lighted  background" 
method  of  discernment  as  practically  unrecognized.  It  adds  a 
new  viewpoint  from  which  to  consider  man\'  phases  of  the 
subject. 

In  the  course  of  tests  of  street  lighting  conducted  for  the 
Lamp  Committee  of  the  Association  of  Edison  Illuminating 
Companies,  the  writer  has  been  privileged  to  study  the  subject 
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from  this  and  other  viewpoints,  and  begs  to  offer  in  this  paper 
some  considerations  which  are  supplementary  to  those  to  be 
found  in  discussions  previously  available. 


EFFECTIVE  BRIGHTNESS  OF   STREET   SURFACE. 

In  order  to  promote  discernment  of  objects  silhouetted  against 
a  lighted  background,  the  background,  which  is  usually  the 
street  surface,  must  be  made  bright.  Brightness  of  surface  is 
subject  to  so  many  variables  that  no  unqualified  statement  can  be 
made  as  to  its  value.  In  this  connection  one  must  deal  with  the 
apparent  brightness  when  observed  at  a  given  angle  and  from  a 

Such   a  value   for   the   present 


given   direction 


as   in   driving. 


Eff^cf/ve  6rightne55     of  Street 


Incidenf  Flux 

I 


Uniform/fy 


Ugfyf  ffef/ect/ng 

OLua/ffy  cf  Street 

Surface 


Angle  or 

/ncident 

Ligtit 


Oirecfton 
of  Light 

n — 


I 

V 


Fig.  2. — Elements  determining  effective  brightness. 

purpose  may  be  termed  the  ''effective  brightness."  The  effective 
brightness  of  a  street  depends  upon  the  total  flux  of  light  which 
impinges  upon  its  surface,  the  uniformity  of  the  illumination,  the 
light  reflecting  qualities  of  the  surface,  the  angle  of  the  incident 
light  and  the  direction  of  the  incident  light  with  relation  to  the 
direction  of  view.  This  is  expressed  diagrammatically  in 
Fig  2,  which  shows  also  the  principal  variables  which  enter  into 
each  of  these  elements. 

In  the  following  paragraphs  will  be  found  a  discussion  of  those 
phases  of  the  question  concerning  which  the  new  viewpoint  sug- 
gests considerations  which  have  been  neglected. 


DISTRIBUTION  OF  LIGHT. 

Effective  and  economical  street  illumination  is  in  large  part  a 
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problem  of  light  distribution.  Unhappily  there  is  no  light  source 
whose  distribution  is  well  adapted  to  street  lighting  purposes. 
The  unsuitability  of  all  is  so  obvious  that  it  seems  strange  that  so 
few  really  determined  efforts  have  been  made  to  distribute  the 
light  from  street  lamps  effectively. 

The  difficulties  arise,  first,  from  the  fact  that  naturally  all 
street  lamps  distribute  considerable  light  above  the  horizontal, 
and,  second,  all  street  lamps  have  a  more  or  less  symmetrical 
distribution  about  the  vertical. 

Practically  all  efforts  which  have  been  expended  in  the  im- 
provement of  distribution  characteristics  of  street  lamps  have 
found  application  in  a  symmetrical  reflector  calculated  to  direct 
below  the  horizontal  some  of  the  light  which  otherwise  would 
be  distributed  above  the  horizontal.  Such  efforts  have  been 
successful  in  varying  degrees,  most  notably  in  the  clear  globe 
magnetite  and  metallic  flame  lamps,  where  a  small  reflector  has 
been  incorporated  in  the  lamp,  close  and  in  definite  relation  to  the 
arc.  This  has  increased  the  proportion  of  light  directed  below 
the  horizontal,  but  has  not  affected  the  symmetry  of  the  hori- 
zontal distribution  about  the  lamp.  The  objection  to  a  sym- 
metrical distribution  is  illustrated  by  the  fact  that  if  one  locates 
an  arc  lamp  in  the  street  expecting  it  to  do  the  lighting  for  a 
distance  of  250  ft.  in  either  direction,  the  light  within  the  zone 
utilized  is  distributed  over  a  circular  area  of  which  an  80  ft. 
street  forms  only  20  per  cent.  It  is  only  when  lamps  are  located 
at  street  intersections  that  a  reasonably  large  proportion  of  the 
light  is  applied  to  the  street  surface. 

The  conventional  light  distribution  curve,  plotted  upon  polar 
coordinate  paper,  with  corresponding  curves  of  illumination 
intensity  computed  from  the  light  distribution  in  a  single  vertical 
plane,  have  tended  to  direct  attention  away  from  this  important 
consideration.  Such  light  distribution  curves  may  indicate  a 
most  favorable  distribution  with  regard  to  considerations  of  uni- 
formity along  the  center  of  a  street,  but  in  order  to  do  so  there 
must  be  a  generous  distribution  of  light  in  the  zone  immediately 
below  the  horizontal.  It  requires  only  a  moment's  thought  tc 
see  that   as   a  lamp  of  symmetrical  horizontal   distribution   in- 
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creases  its  distribution  in  the  angles  just  below  the  horizontal, 
it  also  increases  greatly  the  proportion  of  light  thrown  upon 
buildings,  trees,  and  upon  lots  along  the  sides  of  the  streets. 

In  order  to  present  a  correct  representation  of  the  distribu- 
tion characteristics  of  some  of  the  more  common  forms  of  street 
lamps,  the  writer  has  had  prepared  solids  whose  radii  in  all  direc- 
tions represent  the  intensities  of  light.  Some  of  these  are  il- 
lustrated in  Fig.  3.  The  horizontal  ring  about  each  (not  shown 
in  the  cut)  lies  in  the  horizontal  plane  which  cuts  the  center  of 
the  light  source.  The  area  which  is  painted  white  indicates  the 
light  which  is  directed  toward  a  street  70  ft.  wide,  when  the 
lamp  is  mounted  20  ft.  high  over  a  point  10  ft.  inside  of  one 
building  line.  The  light  directed  elsewhere  is  either  lost  or  goes 
toward  the  illumination  of  building  fronts,  in  which  case  a  very 


g.6-amp.  open  arc  6.6-amp.  enclosed        4-amp.  magnetite  6.6-amp.  magnetite 

clear  globe  arc  opal  globe  clear  globe  clear  globe 

Fig.  3.— lyight  distribution  models. — Outline  of  white  surface  includes  all 
light  which  falls  upon  the  street. 

small  proportion  may  be  reflected  to  the  street.  That  which  is 
effective  in  illuminating  building  fronts  is  in  general  not  nearly 
so  useful  as  it  would  be  if  directed  toward  the  street.  In  many 
places  as  in  residence  districts,  it  is  objectionable. 

Fig.  4  shows  proportions  of  light  from  various  lamps  applied 
to  street  surfaces  of  various  widths  when  the  lamps  are  mounted 
20  ft.  above  one  edge  of  the  surface  considered.  It  is  shown, 
for  example,  that  with  a  hypothetical  light  source  whose  distribu- 
tion is  uniformly  unity,  the  percentage  of  light  applied  directly  to 
a  street  of  which  the  sidewalk  on  one  side  of  the  lamp  is  15  ft. 
wide  and  the  street  and  sidewalk  on  the  other  side  of  the  lamp 

is  55  ft.  will  be  ^  =  29.5  per  cent,   of  the  Hght  produced 

by  the  lamp. 
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The  corresponding  proportions  for  other  lamps  would  be  about 
as  follows: 


Lamp. 

9.6-ampere  open  arc   

4.0-ampere  magnetite,  clear  globe 

6,6-ampere  magnetite,  opal  globe 

6.6-ampere  enclosed  arc,  opal  inner  globe. 


Per  cent,  light 
applied  70  ft.  st.i 

46 

44 
40 

35 


The  carbon  lamps  here  considered  do  not  derive  assistance 
from  reflectors.  The  open  arc  directs  a  relatively  large  propor- 
tion of  its  light  upon  the  street  surface  because  the  light   is   largely 
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Fig.  4. — Curves  showing  proportion  of  light  delivered  upon  surface  of  street. 

concentrated  over  a  small  area  close  to  the  lamp.  The  clear  globe 
magnetite  ranks  high  in  the  list  only  because  the  light  which  it 
naturally  distributes  above  the  horizontal  is  directed  downward 
by  a  reflector.  The  enclosed  arc  lamp  distributes  too  much  of  its 
light  above  the  horizontal  to  stand  well  up  in  such  a  list  as  that 
discussed. 

Fig.  5  shows  the  variations  in  the  proportion  of  light  applied  to 
the  street  when  arc  lamps  are  mounted  at  various  heights.  The 
clear  globe  magnetite  lamp  for  example,  distributes  about  20  per 
cent,  less  light  upon  an  80  ft.  street  when  mounted  30  ft.  high. 
than  it  does  when  mounted  20  ft.  high. 

1  Thanks  are  due  Mr.  W.  W.  Crawford  for  assistance  in  procuring  these  data 
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It  will  be  noted  in  these  diagrams  that  as  the  street  becomes 
wide  or  the  moimting  height  is  decreased  the  curve  for  the  mag- 
netite lamp  increases  more  rapidly  than  do  the  curves  for  the 
other  lamps.  This  is  an  obvious  consequence  of  the  relatively 
high  intensity  of  the  distribution  from  the  magnetite  lamp  in  the 
zone  just  below  the  horizontal. 

The  small  proportions  of  light  directly  utilized  in  all  cases 
discussed  is  a  significant  demonstration  of  the  ineffectiveness  of 
commercial  forms  of  light  distribution,  and  suggests  forcefully 
the  need  for  more  attention  to  this  phase  of  the  question. 

As  noted  earlier  in  the  discussion,  one  of  the  fundamental  diffi- 


A  -  9.6  Amp.  Open  Arc. 
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Fig.  5.— Proportion  of  light  delivered  upon  street  with  various  mounting  heights. 

culties  encountered  in  utilizing  commercial  illuminants  for  street 
lighting  arises  from  a  symmetrical  distribution  of  light  about  the 
vertical,  a  characteristic  which  is  suitable  for  the  effective  Tl- 
lumination  of  circular  spaces  but  not  for  the  effective  illumina- 
tion of  long,  narrow  spaces,  such  as  streets.  In  the  past  few 
years  there  has  been  some  evidence  of  effort  to  redirect  part  of 
the  light  from  street  lamps,  in  order  to  apply  it  more  largely  to 
the  street.  Some  two  years  ago,  a  reflector  for  incandescent 
lamps  was  produced  which  was  designed  to  distribute  along  the 
street,  some  of  the  light  which  ordinarily  would  be  directed  to- 
ward building  fronts  alongside  the   streets.      Efforts   also  have 
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been  made  to  direct  toward  the  street  surface,  light  which  lamps 
naturally  direct  above  the  horizontal  and  upon  building  fronts.^ 

To  illustrate  the  large  gain  in  effectiveness  which  may  be  ob- 
tained in  this  way,  a  model  has  been  made  of  the  distribution  of 
light  about  one  form  of  the  second  reflector  just  mentioned.  This 
is  illustrated  in  Fig.  6.  Comparison  with  the  models  of  light  dis- 
tribution about  arc  lamps  as  shown  in  Fig.  3  will  indicate  at  once 
the  value  of  an  asymmetrical  distribution  when  made  suitable  for 
street  illumination.  Very  little  light  is  emitted  above  the  hori- 
zontal this  flux  being  redirected  by  the  reflector.  There  is  little 
transverse  light,  the  reflector  redirecting  such  rays  up  and  down 
the  street. 

To  what  extent  it  is  desirable  tc  restrict  the  light  from  street 
lamps  to  the  street  surface  is  a  question  the  answer  to  which  de- 
pends upon  local  conditions.     It  may  be  said,  however,  that  in 


Fig-.  6. — Representation  of  light  distribution  about  tungsten  scries  lamp  and  reflector 
designed  to  deliver  most  of  the  light  upon  the  street  surface. 

general  it  is  practicable  to  do  much  more  in  this  direction  than 
has  been  attempted  without  bringing  about  effects  which  are 
otherwise  objectionable.  Quite  aside  from  consideration  of  the 
merits  or  demerits  of  certain  reflectors  which  are  designed  to 
distribute  the  greatest  proportion  of  the  light  toward  the  street 
surface,  this  is  presented  as  a  suggestive  illustration  of  practicable 
attainment  in  this  direction. 

UNIFORMITY. 

Theoretical  considerations  aside,  one  must  deal  to-day  not 
with  the  question,  ''uniformity  versus  non-uniformity"  of  il- 
lumination, but  with  a  choice  between  various  degrees  of  non- 
uniformity.  Usually  this  resolves  itself  into  a  question  of  large 
units  widely  spaced,  as  carbon  and  magnetite  arc  lamps  against 
tungsten  or   gas   mantle   lamps   more   closely   spaced.     The  ob- 

i  Transactions.  III.  Kng.  Soc,  May  1910. 


milIvAr:     street  ieeumination  661 

jection  to  lighting  by  larger  units  is  well  illustrated  by  the  photo- 
graph in  Fig.  I.  This  pictures  an  asphalt  street  illuminated  by 
multiple  enclosed  carbon  arc  lamps  with  opal  inner  globes.  The 
alternate  light  and  dark  spaces  afford  a  marked  contrast  which  is 
not  at  all  pleasing,  and  there  can  be  no  gainsaying  the  relative 
difficulty  in  perceiving  irregularities  in  the  street  surface  in  the 
dark  areas  between  lamps. 

Lighting  by  open  arc  lamps,  spaced,  say,  400  ft.  apart,  is  a 
well-known  type  of  non-uniformity.  In  such  lighting  there  is  a 
shadow  immediately  beneath  the  lamp,  surrounded  by  a  ring  of 
relatively  high  intensity,  beyond  which  the  illumination  falls  off 
very  rapidly.  Such  lighting  has  been  roundly  condemned, 
always  because  of  difficulty  in  discernment  at  a  distance  of  100 
to  200  ft.  from  the  lamp,  and  sometimes  because  of  the  ring  of 
bright  illumination  which,  some  claim,  renders  discernment  in  the 
area  beyond  the  lamp  more  difficult.  Such  non-uniformity  is  the 
direct  consequence  of  the  unsuitability  of  the  natural  distribu- 
tion about  the  lamp. 

To  remark  that  the  light  which  reaches  the  eye  and  not 
the  light  which  falls  on  the  observed  object  is  the  important  fac- 
tor in  illumination,  is  to  utter  a  platitude.  Nevertheless  it  is 
necessary  to  reiterate  this  statement  in  this  connection.  One 
must  differentiate  between  incident  light  and  the  brightness  of 
surface  illuminated,  not  only  as  a  matter  of  discussion  and 
theory,  but  as  a  practical  element  of  i:he  problem. 

Curves  of  illumination  intensity  have  been  the  basis  of  most 
discussion  on  the  subject  of  uniformity.  With  respect  to  this 
phase  of  the  subject,  such  curves  are  likely  to  be  about  as  mis- 
leading as  they  have  proven  to  be  with  respect  to  distribution 
of  light.  As  a  practical  matter  of  seeing  in  the  streets,  condi- 
tions are  rarely  so  bad  as  the  curves  represent.  In  the  first 
place,  one  must  recognize  that  sensation  of  light  changes  very 
slowly  with  changing  intensity.  In  the  second  place,  at  points 
between  lamps  where  the  incident  light  is  feeble,  one  discerns 
large  objects  silhouetted  against  a  more  brightly  lighted  back- 
ground, and  in  the  third  place,  the  increased  total  reflection  and 
the  more  largely  specular  reflection  which  follows  a  decrease 
in  the  angle  of  incidence  of  light  upon  a  surface,  very  markedlv 
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alters  the  effect  from  that  indicated  by  the  usual  curve  of  in- 
cident light.  When  dealing  with  streets  variously  paved,  the 
sharply  inclined  rays  which  fall  on  the  street  surface  from  a 
point  midway  between  lamps  well  toward  the  brighter  area  of 
the  adjoining  lamp  are  reiflected  much  more  generally  in  the 
direction  of  the  approaching  observer  than  are  the  less  sharply 
inclined  rays  which  fall  upon  the  street  in  greater  intensity  near 
the  lamp.  Briefly  stated,  the  surface  midway  between  lamps 
appears  brighter  than  the  intensity  of  incident  light  would  lead 
one  to  expect. 

Under  some  conditions  this  effect  becomes  wonderfully  marked. 


Fig.  7. — Horizontal  illumination  intensity  from  enclosed  arc  lamps  spaced  365  feet 
apart:  corresponding  curve  of  effective  brightness,  street  paved  with  asphalt. 

Under  other  conditions  it  is  small,  but  in  all  installations  it  is 
an  effect  which  demands  consideration  and  which  tends  to  make 
the  effective  brightness  of  the  street  more  nearly  uniform  than  is 
the  incident  light.  It  is  perhaps  at  a  minimum  upon  a  muddy 
or  oiled  dirt  road.  It  becomes  somewhat  larger  when  the  road 
is  dry.  It  is  still  larger  upon  a  macadam  road.  Among  city 
streets,  those  paved  with  Belgian  block  benefit  but  little  from 
this  feature.  Asphalt  streets  benefit  in  large  measure,  while 
some  asphalt  streets  largely  traversed  by  automobiles  benefit 
wonderfully. 

Fig.  7  .shows  values  of  incident  intensity  and  effective  bright- 
ness  for   East   Eightieth    Street,    New   York.     This   is   a    fairly 
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typical  asphalt  street  lighted  by  enclosed  arc  lamps  with  opal 
inner  globes.  The  broken  line,  indicating  intensity  of  incident 
light,  shows  the  usual  non-uniformity  and  is  more  or  less  indic- 
ative of  the  conditions  of  street  brightness  when  the  street 
is  viewed  above,  as  from  the  roof  of  a  building.  When  viewed, 
however,  at  a  very  acute  angle  as  in  driving,  the  variation  in 
brightness  of  surface  is  very  markedly  less  and  impresses  one 
as  being  fairly  consistent  with  the  inferences  to  be  drawn  from 
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Fig.  8.— Horizontal  illumination  from  arc  lamps  and  corresponding  curve  of 
effective  brightness.     Street  paved  with  asphalt. 

the  curve  of  measured  brightness  as  shown  by  the  continuous 
line  curve.  The  immense  difference  between  the  two  curves  may 
perhaps  best  be  indicated  by  the  statement  that  the  ratio  between 
the  maximum  and  minimum  for  the  incident  light  is  46  while 
for  the  measured  brightness  of  surface  it  is  only  8. 

Fig.  8  shows  an  extreme  state  of  affairs  which  is  encount- 
ered in  upper  Seventh  Avenue,   New  York  City.     This   street 
is  paved  with  asphalt  block  and  is  largely  traversed  by  automo- 
biles.    The  street  is  130  ft.  wide,  with  narrow  parkways  along 
the  center.     There  are  two  enclosed  arc  lamps  at   each  street 
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intersection  and  one  lamp  in  the  parkway  in  the  middle  of  the 
block. 

It  is  frequently  stated,  and  it  has  been  the  opinion  of  the 
writer  ever  since  the  installation  of  the  existing  lighting  sys- 
tem, that  upper  Seventh  Avenue  is  uniformly  lighted,  and  yet 
the  incident  light  along  either  drive  varies  largely,  as  is  shown 
by  the  broken  line  curve  in  Fig.  8.  The  test  of  effective 
brightness  of  street  surface  shows  a  high  degree  of  uniformity, 
confirming  impressions  of  observers.  For  an  explanation  of  this 
remarkable  state  of  affairs,  one  must  look  to  the  street  pavement. 
Examination  shows  that  the  asphalt  blocks  which  constitute 
the  pavement  have  become  polished  as  a  result  of  the  automobile 
traffic  in  all  high  spots.  These  small  polished  areas  reflect 
specularly,  while  the  low  spots  of  the  surface  which  are  not  so 
polished,  diffuse  the  light  more  or  less  well.  In  driving  through 
Seventh  Avenue,  one  sees  reflected  in  the  numerous  small  polish- 
ed areas,  images  or  part  images  of  distant  arc  lamps.  The 
street  is  long,  straight  and  lighted  by  arc  lamps  arranged  in 
three  rows.  At  a  distance,  these  appear  to  converge.  The  con- 
sequence is  that  when  looking  at  the  street  surface  in  almost 
any  direction  required  in  driving,  one  is  likely  to  find  some  one 
of  the  distant  arc  lamps  imaged  in  one  of  the  small  bright  areas. 
These  are  so  generally  distributed  over  the  surface  of  the  drive, 
and  notwithstanding  the  rather  wide  spacing  there  are  so  many 
arc  lamps  which  may  be  effective  in  this  way,  that  the  entire 
drive  seems  to  be  very  uniformly  illuminated. 

Now  it  is  to  be  remembered  that  a  portion  of  the  street  sur 
face  which  receives  the  most  intense  light  from  a  nearby  arc 
lamp,  will  reflect  to  the  eye  practically  none  of  this  light  from 
the  small  brightly  polished  areas  which  reflect  specularly.  These 
appear  bright  only  by  reason  of  lamps  located  at  a  distance  of 
one-fourth  mile,  one-half  mile,  or  even  farther  away.  The  por- 
tions of  the  street  surface  which  are  not  polished  will  reflect 
light  more  or  less  diffusely,  and  these  are  capable  of  reflecting 
a  considerable  proportion  of  the  light  toward  the  approaching 
driver.  They,  however,  are  the  little  valleys  between  the  pol- 
ished high  spots  and  in  many  cases  the  high  spots  obstruct 
light  which  would  be  reflected  in  the  direction  of  the  approaching 
driver.     The   consequence   is   that   in    driving   through    Seventh 
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Avenue,  when  one  looks  at  the  street  surface  200  ft.  or  more 
away,  he  finds  it  bright  because  of  the  poHshed  surfaces  and 
the  distant  lamps,  while  when  one  looks  downward  at  the 
nearby  surface,  he  finds  it  bright  by  reason  of  the  diffused  light 
when  near  a  lamp  and  much  less  brig^ht  by  reason  of  the  same 
reflecting  process  when  midway  between  lamps.  In  driving  and 
viewing  the  surface  at  some  considerable  distance,  it  may  further 
be  said  that  in  Seventh  Avenue  the  brightness  of  the  surface 
is  almost  independent  of  the  nearby  lamps.  Being  dependent 
on  specular  reflection  from  distant  lamps,  the  surface  is  prac- 
tically as  bright  between  lamps  as  it  is  near  a  lamp  in  the 
zone  of  higher  incident  light. 

The  coefficient  of  reflection  of  street  surface,  as  well  as  the 
character  of  reflection,  is  a  factor  of  great  importance.  A  dirt 
road  after  a  rain,  or  an  oiled  dirt  road,  is  very  difficult  to  il- 
luminate satisfactorily,  because  it  reflects  so  small  a  proportion 
of  the  light.  The  ocean  beach  appears  fairly  well  illuminated 
even  by  starlight.  With  a  given  lighting  installation  an  asphalt 
street  is  brighter  than  a  street  paved  with  Belgian  block.  Seventh 
Avenue,  New  York  City,  (an  extreme  case)  when  compared 
with  another  prominent  throughfare  paved  with  Belgian  block 
which  receives  18  times  as  much  light  per  square  foot,  has  one- 
fifth  the  effective  brightness.  That  is,  each  lumen  on  Seventh 
Avenue,  is  something  like  three  times  as  effective  as  on  the  other 
street,  an  effect  due  in  part  to  more  favorable  lamp  location,  and 
in  part  to  the  better  reflecting  quality  of  the  asphalt  street. 
Fifth  Avenue,  New  York  City,  an  asphalt  street,  copiously  oiled 
from  automobiles,  requires  more  light  for  satisfactory  illumi- 
nation than  do  asphalt  side  streets  which  are  not  traversed  so 
largely  by  automobiles.  In  a  city  where  bituminous  coal  is  em- 
ployed largely,  with  a  given  lighting  installation  and  a  given 
pavement,  the  effective  brightness  is  much  lower  than  elsewhere 
because  of  soot  on  the  street  surface.  Such  cities  should  ex- 
pend more  money  on  street  illumination  than  do  other  cities  to 
secure  equally  satisfactory  results. 

In  general  the  reflecting  qualities  of  street  surface  are  at 
least  as  important  in  street  lighting^  as  are  the  reflecting  qualities 
of  ceiling  and  walls  in  interior  illumination. 
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ANGLE)  OF  INCIDENCE  AND  DIRECTION  OF  LIGHT. 

No  street  surface  approximates  the  theoretically  perfect  diffus- 
ing surface  to  which  Lambert's  Cosine  Law  may  be  applied. 
All  reflect  specularly  more  or  less,  and  the  specular  reflection 
becomes  greater  as  the  angle  of  incidence  becomes  smaller.  This 
is  a  consideration  which  has  a  practical  bearing  upon  street  light- 
ing problems,  in  addition  to  the  pecuHarities  just  discussed.  Fig. 
9  affords  an  illustration  of  the  kind  of  reflection  encountered 
in  streets.  In  this  case  the  street  was  paved  with  asphalt  and 
the  light  was  derived  from  a  lamp  mounted  approximately  lo 
feet  above  the  curb.  The  surface  investigated  was  about  8  feet 
from  the  base  of  the  lamp  post.     The  effective  brightness  of  this 


Fig.  9.— Brightness  of  asphalt  when  viewed  from  various  directions. 

surface  when  viewed  from  various  directions  with  respect  to 
the  incident  light,  is  indicated  in  Fig.  9.  This  shows  that  in  the 
vertical  plane  common  to  the  observed  surface  and  the  lamp,  the 
reflection  in  the  direction  away  from  the  lamp  was  very  much 
larger  than  the  reflection  in  any  other  direction.  In  this  instance 
the  observed  surface  lay  immediately  opposite  the  lamp  so  that 
it  appeared  much  brighter  when  viewed  from  across  the  street 
than  when  viewed  from  any  other  direction. 

The  mounting  height  and  location  of  street  lamps  are  directly 
involved  in  this  connection.  As  the  mounting  height  is  de- 
creased, the  average  angle  of  incidence  of  light  upon  the  street 
surface  is  more  acute.     This  means  that  the  reflection  in  such 
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cases  IS  more  largely  specular.  It  may  be  said  of  our  street 
lighting  practice  that  small  units  are  generally  mounted  low  and 
are  generally  relied  upon  to  light  a  length  of  street  which  is  so 
short  that  most  of  the  light  falls  upon  the  street  surface  trans- 
versely. To  a  considerable  extent  it  follows  that  the  reflected 
light  in  such  cases  is  directed  diagonally  across  the  street  and 
tends  to  make  the  surface  appear  bright  to  an  observer  on  the 
sidewalk  who  looks   diagonally  across  the   street.     The   surface 

does  not  appear  so  bright  to  a  driver  whose  view  of  the  street  is 
longitudinal.     In   the   usual   city   installation   this   effect   is   very 

marked.  On  a  fairly  wide  asphalt  pavement  illuminated  by  small 
lamps  mounted  low  over  the  curb,  it  may  be  noticed  at  any  time, 
and  the  effect  becomes  exaggerated  if  the  street  is  largely  trav- 
ersed by  automobiles  and  has  received  a  somewhat  polished 
surface.  Upon  such  a  street  it  will  be  noticed  that  the  street 
surface  near  the  curb  is  very  bright,  due  to  the  fact  that  there 
is  a  strong  specular  reflection  from  distant  lamps  in  the  direction 
of  the  approaching  driver.  The  middle  of  the  street  appears 
very  dimly  lighted. 

Full  advantage  is  taken  of  the  specular  reflecting  characteris- 
tics of  street  surfaces  when  lamps  are  mounted  over  the  middle 
of  a  drive- way.  In  such  a  street  as  that  last  mentioned  the 
surface  brightness  with  a  given  flux  of  incident  light  from  lamps 
mounted  over  the  center  of  the  drive-way  is  much  greater  than 
when  illuminated  by  lamps  mounted  low  over  the  curb. 

This  is  a  consideration  which  applies  more  largely  in  city 
lighting  than  in  suburban  lighting  where  the  specular  reflection 
is  not  so  great,  but  even  in  suburban  lighting  it  is  a  considera- 
tion worth  remembering. 

GI.ARE. 

Under  any  conditions,  an  increase  in  the  effective  brightness 
of  a  street  surface  promotes  discernment  of  objects  on  the  street, 
but  it  is  important  to  remember  that  it  is  possible  to  secure 
increase  in  the  effective  brightness  of  a  street  surface  at  the 
expense  of  other  conditions  of  discernment.  In  any  kind  of 
lighting  it  is  well  recognized  that  more  light  is  thrown  on  an 
object  as  the  light  source  is  moved  nearer  the  object,  but  it  is 
also  recognized  that  if  the  light  source  is  exposed  to  the  ob- 


668      TRANSACTIONS  OF  II.I.UMINATING  ENGINEERING  SOCIETY 

server's  view  the  object  may  be  seen  less  distinctly  when  the 
light  source  is  near  it,  notwithstanding  the  greater  flux  of  Hght 
incident  upon  the  object.  So  the  subject  of  glare  must  not  be 
neglected  in  a  discussion  of  street  lighting  when  dealing  with 
the  eflfective  brightness  of  the  street. 

Glare  has  been  talked  of  more  or  less  in  connection  with 
street  lighting,  for  years.  Recently  it  has  come  to  the  fore  in 
such  discussions^  and  in  consequence  it  seems  probable  that  in 
the  very  near  future  the  subject  of  glare  will  be  more  generally 
investigated  than  in  the  past. 

The  writer  has  found  three  effects  of  glare  in  street  light- 
ing: (i)  a  measurable  decrease  in  abihty  to  see,  due  to  the 
presence  of  a  light  source  in  the  field  of  vision;  (2)  a  lessened 
chance  of  seeing  a  barely  discernible  object  when  viewed  care- 
lessly, even  though  when  a  careful  examination  of  the  street 
is  made,  the  object  may  be  discerned  just  as  well  in  spite  of  the 
glare;  (3)  a  condition  of  transitory  glare,  due  to  a  temporarily 
dazzling  effect  when  one  looks  directly  at  a  light  source  for 
a  moment  and  then  looks  elsewhere  and  finds  it  impossible  to  see 
well.  The  last  two  effects  are  difficult  to  measure  or  even  to 
detect.     The  first  effect  may  be  studied  without  difficulty. 

Some  very  incomplete  data  on  the  first  effect  of  glare  is  pre- 
sented in  Fig.  10  which  shows  the  results  of  a  laboratory  ex- 
perimental study  in  which  only  one  light  source  was  used.  This 
study  was  directed  towards  the  determination  of  the  effect  of 
glare  in  reducing  ability  to  see.  A  variable  contrast  testing  de- 
vice was  employed  as  a  test  of  discernment.  An  incandescent 
lamp  was  placed  within  the  field  of  vision,  being  located  suc- 
cessively so  as  to  form  various  visual  angles  with  the  test  ob- 
ject. The  results  are  expressed  in  per  cent,  equivalent  intensity, 
by  which  is  meant  the  intensity  of  illumination  with  which  the 
minimum  contrast  could  be  discerned  if  the  glare  source  were 
removed  from  the  field  of  vision. 

Curve  A  shows  the  decrease  in  ability  to  see  the  contrasted 
object  due  to  the  presence  within  the  field  of  vision  of  a  i6-c-p. 

1  Symposium  by  experts  conducted  by  the  British  Illuminating  Engineering  Society. 
See  ^London)  Illuminating  Engineer,  1910.  Discussion  notable  for  differences  in  opinions 
expr'".«?sed 

"  Analyses  of  Illumination  Requiremerts."  by  Arthur  J.  ^vieei.Journa/  0/  the  Frank- 
lin Institute.  May,  1910.  An  interesting  discussion  of  the  "lyight  Distribution  and  Glare 
Features  of  Street  I,ighting  "  with  report  of  same  pioneer  experimental  work  on  glare. 
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clear  bulb  lamp,  located  so  that  the  line  between  the  observer 
and  the  lamp  formed  various  stated  angles  with  the  line  between 
the  observer  and  the  contrasted  object.  The  illumination  in- 
tensity on  the  test  device  remained  constant  at  0.05  foot-candle,, 
and  the  results  are  shown  in  terms  of  equivalent  reduction  in 
illumination  intensity.  This  means  that  with  the  glaring  source 
two  degrees  removed  from  the  contrasted  object,  the  effect  on 
visual  power  of  the  observer  was  the  same  as  that  which  would 
follow  a  reduction  of  68  per  cent,  in  the  intensity  of  illumina- 
tion on  the  contrast  test  device.  When  the  glaring  source  is 
within  one  degree  of  the  observed  object,  discernment  is  often 
impossible  under  low  illumination  intensities. 

Curve  B  shows  similar  information,  the  conditions  remaining 
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Fig.  10. — Results  of  laboratory  experimental  .study  of  glare 
using  only  one  light  source. 

the  same,  except  that  the  time  of  observation  was  limited  to 
successive  exposures  of  approximately  one  second,  whereas  in 
obtaining  the  data  given  in  Curve  A,  observations  were  extended 
over  as  long  a  period  as  desired. 

The  data  shown  in  Curve  C  were  obtained  under  conditions 
similar  to  those  which  applied  to  Curve  A,  except  that  the  16- 
c-p.  lamp  was  replaced  with  a  150-c-p.  clear  bulb  tungsten  lamp. 
In  all  cases  the  observer  was  stationed  50  feet  away  from  the 
contrast  device  and  the  glare  source  was  moved  through  an 
arc  40  feet  away  from  the  observer. 

The  curves  indicate  that  the  deleterious  effect  of  glare  within 
4   degrees   is   greater   when  one  obtains   a   quick   glimse   of  an 
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object  than  when  one  has  opportunity  for  leisurely  observation. 
At  higher  angles  the  test  data  indicate  a  reversal  of  this  differ- 
ence. Here,  how^ever,  the  difference  between  the  two  curves  is 
so  slight  as  to  make  it  seem  probable  that  it  is  a  difference  due 
to  experimental  inaccuracies  rather  than  one  inherent  in  the 
conditions. 

The  eft'ect  of  the  use  of  a  larger  glaring  source  brings,  as 
might  be  expected,  an  increase  in  the  harmful  effect  of  the 
glare.  In  this  case,  again,  the  curve  of  glare  effect  crosses  the 
curve  obtained  when  a  smaller  source  is  used,  but  as  in  the  other 
case,  the  differences  in  the  test  data  are  very  small  and  may  be 
due  to  test  inaccuracies.  The  uniform  manner  in  which  all  of 
the  curves  of  glare  effect  approach  100  per  cent.,  which  is  the 
equivalent  of  a  condition  of  no  glare,  is  notable.  Whether  these 
curves  are  asymptotic  or  actually  cross  the  100  per  cent,  line,  is 
to  be  determined.  A  few  of  the  writer's  experiences  in  the 
streets  lead  him  to  believe  that  it  is  not  beyond  the  realm  of 
possibility  that  under  certain  conditions  the  curves  may  cross  the 
100  per  cent,  line,  so  that  the  presence  of  the  glaring  source  when 
it  is  far  removed  from  the  observed  object,  may  actually  be 
slightly  stimulative  rather  than  harmful.  There  has  not  been 
opportunity  to  investigate  this. 

Application  of  these  laboratory  data  to  conditions  as  found 
in  the  streets,  is  difficult,  due  to  complications  which  arise  as  a 
consequence  of  the  presence  of  a  number  of  glaring  sources 
within  the  field  of  vision,  and  the  more  or  less  intense  illumi- 
nation of  surroundings.  Practically  the  only  case  where  one  finds 
in  the  streets  conditions  comparable  with  those  which  obtained 
in  the  laboratory  tests  reported  above,  is  a  location  on  a  curving 
road  where  a  single  lamp  is  placed  alongside  the  street  and  no 
other  lamps  or  lighted  areas  are  visible.  Happily  such  installa- 
tions are  rare.  They  form  such  small  exceptions  that  in  this 
general  discussion  they  need  not  be  given  much  attention. 

In  our  streets,  one  or  more  rows  of  lamps  are  usually  so  lo- 
cated that  a  number  of  lamps  come  within  the  observer's  view, 
spaced  angularly  from  almost  the  center  of  the  field  of  vision 
to  near  the  limit  of  view.  Fig.  11  illustrates  the  manner  in 
which  distant  lamps  approach  closely  the  center  of  the  field  of 
vision.     At  a  distance  of  only  800  feet,  when  lamps  are  mounted 
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20  feet  over  a  curb  on  a  50-foot  roadway,  the  visual  angle  be- 
tween the  lamp  and  an  object  five  feet  above  the  center  of 
the  street,  is  only  two  degrees.  Another  reference  to  Fig.  10 
will  indicate  how  harmful  such  lamps  are  to  vision,  when  it  is 
remembered  that  lamps  at  a  distance  of  a  half  mile  appear  very 
nearly  as  bright  as  they  do  at  a  distance  of  one-quarter  mile. 

Tests  of  glare  in  the  streets  as  well  as  general  observation 
have  indicated  that  the  distant  lamps  which  are  near  the  cen- 
ter of  the  field  of  vision  are  the  lamps  which  are  most  harmful 
from  the  glare  standpoint.  Nearby  lamps  which  are  not  near 
the  center  of  the  field  of  vision,  do  relatively  little  damage. 
This  is  in  keeping  with  the  indications  of  the  laboratory  test  data 
shown   in   Fig.    10.     When   the   observed   object   is   within   one 
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Fig.  II.— Visual  angle  separating  glaring  source  and 
observed  object  in  street. 

degree  or  less  of  a  glaring  source,  such  as  a  distant  arc  lamp,  it 
usually  is  not  discernible  unless  in  the  immediate  region  of  a 
lamp,  so  that  the  intensity  of  illumination  on  the  object  is  high. 
So,  for  example,  in  observing  an  approaching  automobile  in  a 
thoroughfare  like  Fifth  Avenue,  New  York,  it  is  a  common 
experience  to  be  able  to  discern  the  vehicle  readily  without  being 
able  to  see  the  heads  and  shoulders  of  the  occupants.  The  dis- 
tant arc  lamps  are  absolutely  prohibitive  to  seeing  objects  which 
are  removed  from  them  by  an  angle  of  no  more  than  one  degree, 
but  the  glare  effect  falls  off  so  rapidly,  and  vision  is  assisted 
so  markedly  by  the  brightly  lighted  background,  that  the  lower 
portions  of  the  vehicle  may  be  discerned  without  difficulty.  The 
same  conditions  prevail  in  the  lighting  of  side  streets,  where  arc 
lamps  are  located  at  distances  of,  say,  250  feet. 
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It  is  most  fortunate  for  our  ability  to  discern  objects  that 
most  such  objects  are  so  large  that  if  some  portion  is  rendered 
invisible  by  reason  of  the  glare  from  distant  lamps,  some  other 
portion  may  be  discerned  in  almost  all  cases  because  it  is  so  far 
removed  angularly  from  the  glaring  source  that  the  glare  effect 
is  no  longer  prohibitive  to  seeing. 

The  conditions  of  glare  as  found  in  many  streets  are  illus- 
trated with  considerable  fidelity  by  the  photograph  in  Fig.  i. 
The  halation  area  in  the  photograph  reflects  to  the  eye  much 
more  light  than  does  any  other  portion  of  the  photograph.  To 
an  extent,  this  gives  a  true  example  of  glare.  By  moving  the 
photograph  nearer  to  one  eye,  with  the  other  eye  closed,  the 
visual  angle  between  the  automobile  and  the  glaring  lamp  may  be 
altered.  It  will  be  noted  that  as  the  photograph  becomes  more 
distant  from  the  eye  and  the  visual  angle  becomes  smaller,  the 
objectionable  effect  of  the  glare  is  more  noticeable,  but  under 
any  condition  one  can  actually  see  the  automobile  in  the  street 
nearly  as  well  with  the  glare  as  without  it.  In  addition  to  slight 
reduction  in  ability  to  see  the  automobile  there  is  a  very  notice- 
able intrusion  of  the  glaring  source,  which  is  very  annoying  and 
which  distracts  attention  from  the  automobile.  When  the  glare 
is  removed,  the  automobile  is  easily  the  most  notable  object  ia 
the  picture.  It  impels  vision  far  less  strongly  when  the  glare  is 
unobstructed.  If  one  gazes  directly  at  the  glaring  lamp  for  a 
few  minutes,  his  eyes  are  slightly  dazzled,  and  in  the  succeeding: 
moment  he  can  see  the  automobiles  less  well. 

There  are  two  ways  to  diminish  the  effect  of  glare  sufficiently 
to  avoid  harmful  effects.  These  are  ( i )  permit  no  exposed 
lamps  to  be  located  near  the  center  of  the  field  of  vision.  The 
writer  believes  that  satisfactory  results  will  be  achieved  if  no 
lamps  can  be  seen  within  five  degrees  of  the  object  viewed;  (2) 
make  the  effective  brightness  of  the  street  high.  No  study  of 
glare  in  the  streets  can  lead  to  correct  final  conclusions  un- 
less it  takes  into  account  the  effect  upon  an  observer's  ability  to 
see  objects  when  silhouetted  against  a  lighted  background. 

CONCLUSIONS. 

To    recapitulate,    it    is    to   be   noted    that    objects    in    streets 
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at  night  are  discerned  most  usually  as  silhouettes  against  a  lighted 
background.  The  first  requirement  of  good  street  lighting  is  for 
a  well  lighted  street  surface  to  serve  as  a  background.  It  is  the 
effective  brightness  of  street  surface,  or  the  brightness  as  seen 
when  viewing  the  street  longitudinally  at  an  angle  of  2  to  3  degrees, 
which  determines  the  value  of  the  surface  as  a  lighted  back- 
ground. The  effective  brightness  may  be  increased  by  provid- 
ing a  greater  number  of  more  powerful  lamps  or  by  re- 
paving  the  street  with  material  having  more  favorable  light  re- 
flecting quahties.  The  light  distribution  characteristics  of  all 
commercial  illuminants  being  unsuitable  for  street  lighting,  it 
would  appear  feasible  to  increase  the  effective  brightness  of 
streets  by  directing  a  larger  proportion  of  the  light  upon  the 
street  surface.  With  a  given  intensity  of  incident  light  the  effect- 
ive brightness  of  a  street  is  greatest  when  the  lamps  are  mounted 
over  the  driveway.  Non-uniformity  of  illumination,  while  un- 
desirable, is  not  so  objectionable  as  has  been  asserted,  because 
( I )  the  effective  brightness  of  street  surface  does  not  vary 
as  much  as  does  the  intensity  of  incident  light,  and  (2)  the 
bright  street  surfaces  near  lamps  assist  in  discernment  of  large 
objects  in  the  dimly  lighted  regions. 

Glare  must  not  be  neglected.  Its  effect  becomes  harmful  when 
the  glaring  source  is  very  near  (less  than  5  degrees  removed 
from)  the  object  to  be  seen  or  when  there  is  no  lighted  back- 
ground against  which  to  view  objects.  In  ordinary  city  installa- 
tions the  glare  from  street  lamps  may  dazzle  temporarily  after 
one  looks  directly  at  the  lamps,  and  may  increase  the  chance 
of  failure  to  perceive  a  barely  perceptible  object  in  a  hasty,  care- 
less glance.  But  otherwise  it  occasions  no  material  decrease  in 
ability  to  see  objects.  It  is  entirely  feasible  to  design  a  light- 
ing installation  in  which  there  shall  be  entire  absence  of  ob- 
jectionable glare  while  securing  high  effective  brightness  of 
street  surface.  But  usually  in  practice  one  must  choose  between 
decreased  effective  brightness  erf  street  on  the  one  hand  and  some 
degree  of  glare  on  the  other.  For  each  such  installation  there  is 
some  compromise  which  will  produce  the  best  results.  The  proper 
compromise  can  be  reached  best  not  as  a  matter  of  theory  or 
prejudgment,  but  as  a  matter  of  trial  in  the  street,  preferably 
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including  a  determination  of  ability  to  see  under  the  various 
conditions. 

The  problem  of  street  illumination  is  not  simple  when  con- 
sidered alone  as  a  matter  of  theory.  The  additional  elements 
which  commercial  conditions  introduce  render  it  extremely  com- 
plicated in  practice.  A  number  of  the  factors  which  enter  into 
the  problem  might  be  studied  independently  with  profit.  But 
the  application  of  the  results  of  such  studies  must  always  be 
made  with  due  regard  to  the  importance  of  other  factors.  Our 
tenets  of  street  illumination  must  be  broad-gauged  and  must  give 
proper  weight  to  all  elements  of  the  subject,  whether  scientific 
or  commercial. 

This  paper  does  not  purport  to  be  a  general  discussion  of 
street  lighting.  It  aims  to  present  considerations  which  have 
been  neglected  and  which  are  supplementary  to  those  to  be  found 
in  the  Transactions  of  this  Society  and  elsewhere.  If  it  shall 
prove  successful  in  drawing  attention  to  the  "contrasted-against- 
lighted-background"  point  of  view  regarding  street  lighting,  and 
in  securing  consideration  for  those  aspects  of  the  problem  which 
follow  logically  upon  a  recognition  of  this  view-point,  the  pur- 
pose of  the  paper  will  have  been  accomplished. 

DISCUSSION. 

Mr.  A.  J.  Sweet: — I  should  like  to  express,  first,  my  very 
high  appreciation  of  the  great  value  to  the  subject  of  street  light- 
ing which  the  paper  has.  I  believe  that  the  considerations  which 
it  has  brought  forth  are  deserving  of  very  great  consideration 
and  that  they  have  received  practically  no  consideration  in  the 
past.  I  think  there  is  nothing  of  importance  in  Mr.  Millar's 
paper  to  which  I  want  to  take  exception  or  express  a  disagree- 
ment; nevertheless  I  feel  that  the  paper  has  a  certain  element  of 
danger  in  it,  in  emphasizing  certain  considerations  in  street 
lighting.  These  considerations  being  new,  and  ones  that  deserve 
special  emphasis  for  that  reason,  the  impression  is  apt  to  be  con- 
veyed that  these  considerations  are  perhaps  of  larger  importance 
in  the  complete  subject  than  they  really  are.  I  would  not  be 
misunderstood  in  this  statement.  I  believe  that  all  the  considera- 
tions that  the  author  has  bought  forth  are  of  very  great  im- 
portance, but  I  think  possibly  there  is  apt  to  be  an  inclination  to 
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make  them  the  fundamentals  of  the  subject,  whereas  there  are 
certain  other  considerations  which  I  know  the  author  perfectly 
well  recognizes  are  even  more  fundamental.  I  should  like  very 
briefly  to  draw  attention  to  several  of  these  points. 

In  the  first  page  of  the  paper  is  the  statement:  "Objects 
are  seen  by  the  aid  of  light  impinging  upon  them  when  the  light 
reflected  from  them  to  the  observer  is  suflicient  to  make  ap- 
parent contrasts  on  their  surfaces  or  to  render  them  brighter 
than  the  background."  I  think  the  fact  of  seeing  by  contrast 
is  a  much  larger  one  than  might  be  inferred  from  a  hasty  read- 
ing of  the  paper.  My  observation  has  led  me  to  believe  that  we 
really  see  largely  by  contrast ;  that  it  is  only  in  those  installa- 
tions which  are  to  be  condemned  as  relics  of  the  past  where  the 
seeing  by  silhouette  effect,  by  eclipse,  is  predominant.  In  the 
installations  to  which  we  are  rapidly  progressing  and  which  com- 
mercial conditions  make  entirely  feasible  to  the  progressive  en- 
gineer of  to-day,  seeing  by  contrast  on  the  surface  of  the  ob- 
ject, in  other  words,  distinct  features  of  the  object,  is  entirely 
practical.  I  merely  call  attention  then  to  the  fact  that  seeing 
by  eclipse,  which  is  a  very  important  thing  to  regard  when  the 
money  available  per  running  foot  is  very  limited,  is  of  far  less 
importance  when  there  is  a  more  enlightened  public  opinion  which 
will  permit  of  proper  expenditure  for  energy. 

The  author  speaks  about  a  non-symmetrical  distribution  relative 
to  street  lighting,  where  the  lamps  are  placed  far  apart  as  was  the 
case  in  all  the  older  street  lighting  installations.  It  is  obviously 
very  important  to  get  non-symmetrical  candle-power  distribution 
if  the  light  flux  is  to  be  well  placed.  I  should  like  to  call  at- 
tention to  the  fact  that  when  the  units  are  placed  more  closely 
together,  as  is  the  practice  in  the  most  modern  ornamental  street 
lighting  to-day,  the  need  of  non-symmetrical  distribution  is  great- 
ly reduced.  Of  course,  it  never  entirely  vanishes,  but  it  practi- 
cally would  vanish  if  the  lamps  were  arranged  at  a  distance 
apart  equal  to  the  width  of  the  street  and  the  lamps  were  hung 
over  the  center  of  the  street.  As  a  matter  of  fact,  when  the 
lamps  are  spaced  as  is  not  infrequently  the  case,  eighty  feet  apart 
on  the  same  side  of  the  street,  and  in  ornamental  post  installa- 
tion,  there  is  not   a   secondary  but   a  tertiary   need   of   a   non- 
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syinmetrical  candle-power  distribution.  It  is  a  comparatively 
unimportant  factor. 

The  author  states :  "Theoretical  considerations  aside,  one  must 
deal  to-day  not  with  the  question  of  'uniformity  versus  non-uni- 
formity' of  illumination,  but  with  a  choice  between  various  de- 
grees of  non-uniformity."  I  differ  with  him  on  that  point ;  it 
is  perhaps  the  only  point  where  I  should  like  to  express  myself 
as  strongly  differing  with  him.  One  of  the  most  spectacular 
things  not  only  in  our  own  end  of  the  general  profession  of  il- 
luminating engineering,  but  perhaps  in  the  whole  profession  of 
illuminating  engineering  of  the  present  day,  is  the  tremendous 
movement  toward  larger  expenditures  of  wattage  for  street  il- 
lumination. The  main  factor  perhaps  in  bringing  this  about 
has  been  the  realization  by  the  merchants  of  the  fact  that  a 
higher  standard  of  lighting  promotes  their  business,  so  that  they 
can  afford  to  pay  for  it.  There  are  many  installations  of  to- 
day where  ten  watts  per  running  foot  is  expended  on  electric 
lighting.  Where  there  is  an  expenditure  of  anywhere  near  ten 
watts  per  running  foot,  I  should  say  expenditures  of  down  to 
two  or  three  watts  per  running  foot,  it  is  entirely  possible  for  the 
designing  engineer  to  get  just  as  near  to  perfect  uniformity  as 
is  obtained  in  interior  lighting.  As  a  matter  of  fact,  if  approxi- 
mate uniformity,  say  of  four  to  one  is  obtained  I  believe  there 
is  sufficiently-close  uniformity.  If  it  is  important  to  get  uni- 
formity it  can  be  obtained  to-day  in  a  great  many  installations. 

The  curves  shown  in  Fig.  10  are  very  interesting  indeed.  From 
a  certain  series  of  laboratory  experiments  made  to  obtain  a  very 
similar  type  of  curve,  I  found  minimums  very  close  to  the  author's. 
My  values  at  zero  visual  angle  degree  and  percentage  equiva- 
lent in  intensity  were  slightly  higher  than  his,  but  approximately 
the  same.  On  the  other  hand,  in  my  experiments  I  found  that 
the  lOO  per  cent,  light  was  not  reached  until  from  23  to  26  de- 
grees, say  25  degrees  as  an  average  value.  I  am  inclined  to  be- 
lieve therefore  that  the  slope  of  the  curve  is  less  steep  than 
is  shown  in  Fig.  10,  and  that  the  curve  is  either  a  straight  line  or 
so  slightly  bending  upward  that  it  would  approximate  a  straight 
line. 

I  believe  the  avoidance  of  glare  is  the  most  important  factor 
in   street  lighting.     In  this  connection   I  should  like  to  call  at- 
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tention  to  one  fact  which  the  author  does  not  mention  in  his 
paper,  namely,  glare  need  not  necessarily  come  from  the  street 
lamp  itself.  Where  there  is  any  considerable  element  of  reflec- 
tion there  is  a  glare  from  the  light  reflected  from  the  street,  and 
I  believe  that  in  the  case  of  a  partly  wet  asphalted  street  this 
may  be  a  very  objectionable  feature  of  the  street  illumination. 
I  believe  the  ideal  street  surface  would  be  that  which  acted  some- 
what as  white  blotting  paper  does ;  the  street  covered  with 
clean  snow  is  an  example  of  a  surface  that  is  fairly  diffused 
in  its  reflection  but  has  a  high  coefficient  of  reflection.  I  think 
more  importance  should  be  given,  however,  to  the  consideration 
of  the  character  of  the  street  reflecting  surfaces. 

I  believe  there  will  be  a  development  tending  towards  closer 
spacings  and  much  smaller  units  than  in  the  past,  the  spacings 
eventually  approaching  to  an  ideal  of  four  times  the  height  for 
the  separation  between  adjacent  units.  I  believe  that  not  only 
the  theoretical  considerations  warrant  rather  closer  spacings,  but 
there  are  already  afoot  certain  purely  commercial  elements  to- 
day which  make  them  entirely  practical. 

Mr.  R.  C.  Ware : — I  agree  with  Mr.  Sweet  entirely,  that  the 
important  thing  is  the  avoidance  of  glare.  The  author's  idea 
of  silhouetted  objects  to  be  seen  against  a  light  background  is 
certainly  valuable  for  long  spacing  of  the  units.  Such  long  spac- 
ing, however,  is  a  thing  that  we  want  to  work  away  from  for 
the  reason  that  near  the  lamps  there  will  always  be  a  high  in- 
tensity on  the  object,  so  that  the  silhouette  effect  near  the  lamps 
will  not  be  so  marked,  while  far  away  there  will  be  a  compara- 
tively much  lower  intensity  of  normal  illumination,  so  that  the 
silhouette  effect  will  be  important.  Therefore,  there  is  some 
intermediate  point  at  which  the  object  on  the  street  is  neither 
silhouetted  nor  illuminated ;  in  other  words,  it  merges  with  the 
background,  and  that  is  the  danger  point.  Therefore  it  seems 
to  me  that  what  there  should  be  a  closer  spacing  of  the  units, 
so  that  one  need  not  rely  solely  on  the  silhouetting  of  objects. 

Dr.  C.  H.  Sharp : — The  statement  has  been  made  that  the  sil- 
houetting effect  is  obtained  only  when  the  lamps  are  spaced 
pretty  far  apart  and  the  lighting  is  pretty  poor  anyway,  while 
where  the  lighting  is  really  good  objects  are  seen  by  the  light 
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that  falls  upon  them.  Now,  that  simply  is  not  true  as  I  know 
through  my  own  observation.  I  dM  not  notice  this  fact  until 
after  Mr.  Millar  had  called  my  attention  to  it,  but  I  know  it  now. 
Consider  a  street  that  is  as  w'ell  lighted  as  Fifth  Avenue  in  New 
York.  There  are  two  inclosed  arc  lamps  on  each  pole,  and 
enough  of  them  to  the  block  to  make  it  an  exceptionally  well 
lighted  street.  In  watching  the  moving  vehicles  on  that  street 
what  one  actually  sees  is  the  vehicle  some  of  the  time  showing 
by  the  light  reflected  from  it,  and  then  a  moment  later  showing 
as  a  silhouette  against  the  background.  Most  of  the  vehicles 
are  black,  and  the  intensity  of  illumination  that  one  would  have 
to  put  upon  them  to  make  them  visible  by  themselves  and  bring 
out  the  details,  when  there  aren't  any  details,  would  be  enor- 
mous. As  a  matter  of  fact  when  a  vehicle  is  very  near  and 
right  under  a  lamp,  some  details  of  it  may  be  distinguished.  As 
that  same  vehicle  moves  away  a  hundred  feet  or  so  farther,  it 
is  seen  as  a  silhouette  against  the  background.  The  talk  of  abol- 
ishing the  seeing  of  things  by  silhouette  is  absolutely  riduculous. 
The  only  way  one  could  do  it  would  be  to  make  the  street  sur- 
face blacker  than  the  carriages,  and  then  maybe  objects  could 
be  seen  some  of  the  time,  but  usually  one  would  not  be  able 
to  see  anything  at  all. 

The  statement  has  been  made  that  the  lighting  of  streets  by 
lamps  spaced  at  considerable  distances  is  out  of  date  and  does 
not  amount  to  anything  at  all ;  and  that  in  the  future  the  streets 
will  be  lighted  by  putting  lamps  every  little  way  along  and  getting 
conditions  which  are  practically  ideal.  Now  very  fortunately 
more  and  more  streets  will  be  lighted  in  that  way,  but  I  wish 
to  call  attention  to  the  fact  that  just  as  soon  as  the  illuminating 
engineer  has  placed  at  his  disposal  unlimited  means,  that  is  to 
say,  an  unlimited  amount  of  light  to  use,  the  problem  of  street 
lighting  simply  disappears.  It  is  not  at  all  difficult  to  light 
a  street  if  an  unlimited  number  of  lamps  can  be  put  up.  It  is 
only  when  one  has  to  light  a  street  with  about  one-tenth  or 
one-hundredth  of  the  amount  of  light  that  he  ought  to  have  that 
any  problem  in  street  illumination  is  presented.  However,  this 
is  the  practical  condition  at  the  present  time  and  it  will  continue 
for  years  to  come  in  the  great  majority  of  the  streets ;  that  is,  in 
the  greatest  percentage  of  mileage  of  the  streets.     Along  cer- 
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lam  favored  highways,  certain  of  the  principal  business  streets, 
certain  ones  of  the  show  streets  or  streets  where  the  night 
traffic  is  particularly  heavy,  very  much  improved  conditions  of 
illumination  will  exist  and  the  ideal  results  can  be  approximated. 
The  statement  has  been  made  that  the  most  important  con- 
sideration in  street  lighting  is  the  avoidance  of  glare.  Now  that 
is  not  in  accordance  with  my  idea.  Aly  idea  is  that  the  most 
important  thing  in  street  lighting  is  to  put  light  on  the  street. 
Without  any  light  on  the  streets,  absence  of  glare  is  a  thing  of 
negligible  importance.  Glare  is  an  effect  of  importance  un- 
doubtedly, but  it  niighi  be  classed  as  one  of  those  things 
which  are  subject  to  the  danger  of  over  emphasis.  Now  what 
does  glare  do?  To  my  mind  there  seems  to  be  two  effects.  In 
the  first  place,  if  we  attempt  to  see  things  with  a  glaring  light 
in  our  eyes,  with  the  lamps  in  the  line  of  vision,  there  is  what 
has  been  called  the  halation  effect,  which  is  very  marked.  The 
halation  from  a  source  of  light  extends  to  a  certain  distance 
aiound  the  lamp.  One  who  has  ever  attempted,  for  instance, 
to  look  at  a  bright  star  or  planet  quite  near  the  full  moon,  will 
recollect  that  around  the  moon  is  a  halo  of  light,  and  it  is  rather 
difficult  to  see  the  stars  inside  that  halo.  That  halo  has  rather 
distinct  limits  beyond  which  the  star  can  be  seen  quite  well  if 
the  vision  and  attention  are  concentrated  upon  it.  I  believe  that 
one  effect  of  glaring  lamps  is  to  cause  a  distraction  of  atten- 
tion, so  that  one  does  not  see  things  so  well  if  the  glare  is  there, 
unless  he  takes  an  especial  care  to  concentrate  his  attention  upon 
the  thing  which  is  seen.  For  a  certain  distance  from  the 
glaring  lamp  the  effect  of  the  glare  is  very  marked,  but  it 
falls  off  rather  rapidly.  Beyond  its  halation  zone,  the  glare 
pretty  well  disappears  and  the  effect  of  it  must  decrease  rather 
more  slowly.  Consequently,  the  probability  of  such  a  curve 
as  the  author  has  presented  in  Fig.  lo,  which  shows  a  rapid 
decrease  of  glare  at  first  and  afterwards  a  more  slow  one, 
'  seems  to  be  greater  than  the  probability  that  the  glare  effect 
follows  a  straight  line  law.  However,  I  believe  that  this  effect 
requires  a  great  deal  more  consideration,  and  I  do  not  think 
that  we  should  avoid  over-emphasizing  the  effect  of  glare  in 
the  streets.  As  I  have  had  occasion  to  say  before  the  New  York 
Section,  in  efficient  street  lighting,  with  lamps  spaced  well  apart. 
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the  question  is  that  of  light  plus  some  glare,  or  no  glare  and  no 
light. 

Mr.  S.  W,  Ashe: — Regarding  the  acuity  curve  of  Fig.  lo, 
Mr.  Sweet's  limits  checked  quite  closely  with  those  given.  About 
two  years  ago  I  made  similar  tests  at  an  angle  of  about  8  de- 
grees. The  values  obtained  were  presented  before  the  Illuminat- 
ing Engineering  Society.  I  think  they  were  the  first  published 
values  on  the  effect  of  a  foreign  light  in  the  field  of  vision.  I 
found  that  the  efficiency  was  decreased  by  about  30  per  cent. 
This  value  checks  quite  closely  with  the  middle  portion  of  Mr. 
Millar's  curve,  so  that  there  is  a  check  in  the  middle  as  well  as 
at  both  ends. 

Mr.  G.  H.  Stickney: — In  regard  to  the  question  of  glare,  etc., 
my  observations  agree  with  those  of  Dr.  Sharp.  I  believe  that 
there  are  other  features  of  street  illumination  of  at  least  equal 
importance  with  glare.  The  importance  of  glare  depends  not 
only  on  the  locations  of  the  glaring  lamps,  but  on  the  contrast 
of  their  backgrounds. 

In  the  principal  streets  of  a  city  the  economic  situation  per- 
mits the  use  of  a  high  intensity  of  light  and  this  can  best  be 
secured  by  employing  large  units  located  well  above  the  street 
and  with  such  spacing  as  to  give  an  approximately  even  inten- 
sity on  the  street  surface.  I  do  not  believe,  however,  that  low 
intensity  and  wide  spacing  in  street  lighting  will  disappear. 
When  the  enormous  mileage  of  streets  and  roads  now  totally  un- 
lighted  is  considered,  one  must  realize  that  with  the  raising  of  the 
standard  at  the  center  of  the  city  the  less  intense  class  of  light- 
ing will  extend  further  and  further  out  into  the  country  and 
provide  the  best  system  which  the  cost  of  lighting  will  make 
possible. 

The  lighting  of  streets  by  contrast  or  silhouetting  is  proving 
very  useful  where  only  low  intensities  of  light  can  be  afforded. 
This  effect  was  first  called  to  my  attention  in  connection  with 
railway  yard  lighting,  in  which  were  provided  directing  reflectors 
to  cut  off  the  light  from  the  eyes  of  the  switchman  and  throw 
all  the  illumination  in  the  direction  of  car  movement.  I  was 
surprised  to  find  that  the  switchmen  preferred  to  have  the  re- 
flectors turned  so  as  to  throw  the  light  toward  them.  On  in- 
vestigation  T   found  that  with  this   arrangement  the  cars  were 
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seen  silhouetted  against  a  lighter  background.  With  the  low 
intensity  which  was  provided  this  proved  much  more  satisfactory 
than  the  other  method. 

Considerable  thought  has  been  given  to  the  asymmetrical  dis- 
tribution of  light  for  street  lighting.  Previous  to  the  adoption 
of  the  radial  wave  reflector  I  submitted  to  Mr.  Ryan  certain  de- 
signs of  reflectors  for  concentrating  the  light  in  two  or  four 
directions.  After  careful  study,  however,  these  designs  were 
rejected  because  it  was  thought  impracticable  to  furnish  reflec- 
tors to  meet  all  conditions  of  street  Hghting  and  because  difficulty 
was  likely  to  be  encountered  in  getting  reflectors  properly  hung 
so  as  to  throw  the  light  in  the  proper  directions.  My  later  ob- 
servations seemed  to  confirm  this  decision.  The  radial  wave 
reflector  was  really  developed  from  this  reflector,  securing  a 
symmetrical  distribution  simply  by  multiplying  the  number  of 
concave  surfaces.  In  this  connection  it  should  also  be  borne 
in  mind  that  light  thrown  outside  the  roadway  is  not  entirely 
wasted.  While  the  greatest  intensity  is  required  in  the  roadway, 
the  pedestrians  should  be  considered.  Therefore,  light  on  the 
sidewalks,  on  the  fronts  of  buildings,  lawns,  etc.,  is  very  de- 
sirable. 

Mr.  H.  T.  Owens: — The  best  thing  about  the  paper  is  that  it 
has  caused  many  of  us  to  talk  about  street  lighting  and  I  hope 
more  of  us  will  think  about  it.  Many  of  the  people  who  have 
had  charge  of  new  lighting  installationr  throughout  the  country 
during  the  last  two  or  three  years  have  not  thought  very  much 
about  what  they  were  doing,  let  alone  knew  very  much  about  it. 

I  endorse  what  Dr.  Sharp  says  about  silhouette  effects,  about 
glare  and  also  about  the  quantity  of  light  which  is  available  for 
ordinary  street  lighting.  Regarding  uniformity,  if  the  wattage 
of  the  system  is  increased  in  order  to  obtain  uniformity,  the 
horizontal  candle-power  distribution  must  not  be  neglected.  Uni- 
formity may  or  may  not  be  desirable,  but  there  miust  be  hori- 
zontal distribution,  since  to  it  is  attributable  the  handsome  ef- 
fect, which  is  necessary  in  the  street  lighting  installations  where 
a  large  quantity  of  light  is  used. 

Mr.  A.  J.  Marshall: — In  street  lighting  the  question  of  color  is 
about  as  essential  as  in  interior  work.  This  is  true  first  from 
the  efficiency  viewpoint ;  that  is  to  say,  use  must  be  made  of  a 
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radiator  which  will  produce  a  light  which  will  enable  one  to  see 
after  reflection  from  the  different  kinds  of  pigments  encount- 
ered. It  is  true,  secondly,  in  so  far  as  the  effect  of  direct  light 
to  the  eye  is  concerned.  In  the  case  of  a  street  lighted  with  arc 
lamps,  with  milk  globes,  even  in  the  absence  of  glare,  one's 
attention  is  directed  to  those  illuminants.  If  they  could  be  neu- 
tralized, that  is  to  say,  if  they  could  be  so  equipped  that  there 
would  be  no  contrast  between  thenn  and  the  background,  which 
may  be  a  building  or  the  sky  or  what  not,  one's  ability  to  see 
would  be  very  much  enhanced.  I  would  suggest  lightly  straw 
tinted  globes  on  enclosed  arcs   instead  of  the   usual  milk  type. 

As  regards  the  question  of  glare  effect,  I  think  most  of  the 
observations  have  been  made  with  the  eye  looking  at  some  fixed 
point ;  in  practice,  however,  the  eye  does  not  remain  in  a  fixed 
horizontal  plane  of  direction,  but  is  moving.  This  movement 
of  the  eye   should  be  taken  into  consideration. 

Dr.  H.  B.  Ives: — The  glare  which  is  most  dangerous  is  that 
from  lamps  very  nearly  in  the  line  of  vision.  It  seems  to  me 
that  in  a  great  majority  of  cases  lamps  that  are  used  primarily 
for  illuminating  a  street  are  far  enough  out  of  the  line  of  vision 
so  that  there  is  little  glare  from  them.  The  lamps  that  do  cause 
trouble  are  usually  the  ones  in  the  store  windows.  There  are 
two  classes  of  store  window  illumination.  One  has  been  de- 
signed by  an  illuminating  engineer;  he  puts  the  lamps  along  the 
top  and  conceals  them.  The  result  is  that  the  objects  in  the 
window  are  beautifully  illuminated  and  attract  attention.  The 
other  type  is  designed  by  a  plumber  or  wireman  and  consists  of 
a  line  of  bright  tungsten  filaments  squarely  in  the  line  of  vision 
at  such  a  height  that  if  one  is  on  the  other  side  of  the  street 
and  wishes  to  go  across,  he  looks  to  see  if  there  is  an  obstacle  in 
the  way,  and  is  immediately  blinded  by  these  tungsten  filaments. 
I  suggest  to  the  gentlemen  wdio  are  doing  missionary  work  in 
the  line  of  illuminating  store  windows,  that  the  most  harmful 
glare  in  the  streets  is  that  from  badly  illuminated  windows. 

Mr.  J.  G.  Felton : — The  author  says  :  "In  a  city  where  bitum- 
inous coal  is  employed  largely,  w'ith  a  given  lighting  installation 
and  a  given  pavement,  the  effective  brightness  is  much  lower 
than  elsewhere."  I  should  like  to  ask  him  if  any  values  of  this 
kind   have   been   obtained   by   comparing   such    cities   with   cities 
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where  anthracite  coal  is  used?  Taking  a  given  installation  and  a 
given  pavement,  what  increase  in  wattage  would  be  required  in 
such  a  city  over  a  city  where  anthracite  coal  is  used,  to  secure 
equally  good  results? 

Mr.  Millar: — I  cannot  agree  with  Mr.  Sweet  that  an  asym- 
metrical distribution  for  street  lamps  is  relatively  of  little 
importance,  because  street  lighting  is  becoming  more  intensive. 
It  must  be  important  when  in  streets  illuminated  by  magnetite 
lamps  only  30  to  40  per  cent,  of  the  light  given  by  the  lamps  is 
directed  upon  the  surface  of  the  street,  notwithstanding  that 
none  of  the  light  is  distributed  above  the  horizontal.  Asym- 
metrical distribution  is  of  course  more  important  where  there 
is  only  one  lamp  every  five  hundred  feet,  but  in  any  case  it  is 
desirable  and  must  remain  desirable  so  long  as  streets  are  long  and 
narrow,  as  they  are  likely  to  be  for  some  time  to  come.  Uniform 
intensity  has  been  achieved,  says  Mr.  Sweet,  or  can  be,  wherever 
it  is  worth  while.  Of  course  it  can,  but  it  has  been  achieved 
so  far  practically  only  by  placing  a  large  number  of  lamps  in 
the  street,  locating  them  so  closely  that  the  result  cannot  help 
but  be  uniform  lighting.  This  is  attained  not  by  efficient  and 
economical  design  but  by  extravagant  expenditure  of  energy. 
In  a  number  of  other  respects  Mr.  Sweet  differs  from  me;  in 
most  cases,  the  difference  arises  because  he  does  not  attribute 
as  general  prevalence  to  the  silhouetting  effect  as  I  do.  I  think 
my  answer  to  Mr.  Sweet  on  those  matters  will  be  an  invitation 
to  take  an  automobile  ride  with  me  the  next  time  he  comes  to 
New  York. 

I  have  been  studying  silhouetting  effect  for  six  months  or  so 
and  I  believe  it  is  the  most  common  method  of  seeing  things  in 
the  street.  I  am  speaking  from  the  standpoint  of  a  driver  of 
a  vehicle.  Now  call  to  mind  the  average  street  surface;  how 
bright  is  it?  If  an  object  is  darker  than  the  average  street  sur- 
face it  is  seen  as  a  silhouette ;  if  it  is  lighter  than  the  average 
street  surface,  it  is  seen  by  reversed  contrast.  The  driver  of 
an  automobile  must  see  in  particular  pedestrians  and  vehicles, 
and  the  light  reflecting  quality  of  the  average  vehicle  or  pedes- 
trian, is  less  than  that  of  the  average  city  street  surface.  There- 
fore, vehicles  and  pedestrians  are  seen  most  usually  as  silhouettes 
against  the  street   surface. 
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Concerning  the  question  of  soot  I  should  like  to  say  that  it 
was  first  called  to  my  attention  when  I  was  in  Chicago,  looking 
at  some  lighting  experiments  on  Michigan  Boulevard,  and  I  could 
not  understand  why  the  lighting  appeared  so  ineffective.  After 
comparison  with  similar  streets  in  other  cities  lit  more  or  less 
similarly  it  was  borne  in  upon  me  that  the  deposit  of  soot  on 
the  surface  of  the  street  is  detrimental  to  the  street  lighting  to 
a  degree  which  is  very  difficult  to  overcome  by  any  lighting 
means  available.     It  is  a  very  important  factor. 

Mr.  Marshall  raised  the  point  of  color  in  street  lighting.  Un- 
doubtedly it  is  verv  irnportant  and  I  liope  <=otne  day  to  have  a 
chance  to  study  it. 
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THE  RELATIONS  BETWEEN  PRESSURE  AND  UGHT 
OUTPUT  WITH  VARIOUS  GAS  LAMPS  AND 

BURNERS/ 


BY  NORMAN   MACBETH. 


One  of  the  most  important  considerations  in  gas  illumina- 
tion is  the  effect  of  pressure  upon  the  lamps  and  burners  used. 
In  taking  up  an  investigation  of  this  subject  it  was  found  that 
there  are  two  types,  the  open  flame  and  the  incandescent  mantle 
burner  to  consider,  each  of  which  gives  the  better  results  under 
somewhat  different  pressure  conditions. 

Early  work  on  this  subject,  with  low  pressure  only,  has  been 
devoted  almost  entirely  to  pressure  up  to  one  inch  of  water,  and 
not  in  any  instance  that  the  writer  could  find  have  investigations 
been  reported  beyond  three  inches.  The  entire  subject  is  one 
capable  of  many  opinions ;  considering,  however,  the  enormous 
increase  in  light  production  possible  with  the  incandescent  mantle 
lamps  it  is  hardly  conceivable  that  the  open  flame  requirements, 
that  is  the  pressure  conditions  most  satisfactory  for  the  use  of 
open  flames,  should  govern  and  practically  force  the  specifications 
for  the  pressure  at  which  the  gas  shall  be  supplied.  Unwise 
legislative  enactment  and  a  general  failure  by  those  who  should 
be  most  interested  to  appreciate  properly  the  conditions  must 
be  largely  responsible  for  the  present  situation. 

In  1904  C.  R.  Boys  reported^  that  in  Germany  94  per  cent,  of 
the  lighting  by  gas  was  done  with  the  mantle  burner.  More 
recent  statements  on  the  conditions  at  this  time  bring  this  amount 
up  to  98  per  cent.  Boys  also  reported  that  as  a  result  of  an 
enquiry  in  1903  in  a  large  town  in  England,  only  23  per  cent. 
of  the  gas  used  for  illuminating  purposes  was  for  incandescent 
lighting. 

In  Canada  two-thirds  of  the  gas  used  for  illumination  is  with 
incandescent  mantle  lamps.^  Estimates  have  been  given  at  var- 
ious times  for  (he  United  States,  but  not  in  any  instance  noted 

1  A  paner  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society.  Ralt'more,  Octo'^er  24  an<i  25,  1910. 

2  Report  of  the  Departmental  Committee  as  to  Gas  Testing  in  the  Metropolis- 
( London)  1904. 

3  Report  of  Committee  on  Candle-power  and  Calorific  Value,  Canadian  Gas  Assn., 
1910. 
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has  the  proportion   of   incandescent   mantle   lamps   exceeded    15 
per  cent,  of  the  gas  outlets  installed. 

There  are  many  that  agree  that  the  illuminatnig  quality  of 
ordinary  artificial  gas  varies  with  the  quality  of  the  gas  and  kind 
of  burner  used,  although  in  what  proportion  does  not  seem 
to  be  as  definitely  settled.  Large  variations  are  due  to 
the  mechanical  apparatus  employed  for  developing  the  light,  a 
statement  which  cannot  possibly  be  opposed  but  which  neverthe- 
less has  been  frequently  overlooked.  This  fact  has  been  set  out 
by  W.  J.  Didbin\,  ''Not  to  take  into  account  the  influence  of  the 
burner  when  testing  the  illuminating  power  of  gas  is  as  great 
an  oversight  as  if,  when  weighing,  one  were  to  make  no  examina- 
tion of  the  balances ;  or  if  an  engineer  were  to  take  no  account  of 


Fig.  I. — Open  flame  burners. 

the  boilers  he  employed,  and  then,  finding  that  a  ton  of  coal  in  some 
circumstances  created  a  greater  portion  of  steam  than  when  half 
a  ton  was  used,  would  have  jumped  to  the  conclusion  that  the 
heat-giving  power  of  coal  became  greater,  relatively  to  the 
quantity  consumed,  when  a  ton  was  used  than  when  half  that 
quantity  was  employed.  What  a  boiler  is  to  coal  and  generation 
of  steam  so  is  a  burner  to  gas  and  the  development  of  light." 
While  this  statement  was  applied  to  open  flame  standard  burners, 
it  will  apply  with  equal  force  to  all  incandescent  mantle  lamps. 
The  gas  sold  for  illuminating  purposes  in  this  country  is  largely 
confined  to  water  gas,  coal  gas  and  various  mixtures  of  the  two. 
Of  the  two  straight  gases,  water  gas  is  the  more  largely  used, 

•  Public  lyighting  by  Gas  and  Electricity,  page  190  to  196. 
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Fig.  2. — Upright  incandescent  mantle  lamps. 
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while  the  proportions  in  the  mixed  gas  vary  so  greatly  that  any 
investigation  of  lamp  performance  with  a  mixed  gas  would  be 
largely  representative  for  that  particular  mixture  only  and  might 
not  hold  with  a  different  mixture  nor  with  either  straight  water 
or  straight  coal  gas. 

All  the  tests  and  observations  here  reported  were  made  with 
water  gas  of  a  known  quality  taken  from  a  special  holder  of 
ample  capacity  for  each  series  of  tests. 

It  is  generally  known  that  the  "duty"   (light  output  per  cubic 
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Fig.  3. — Inverted  inraudescent  mantle  lamp.     K— clear  cylinder. 
L— fro.sted  tip  cylinder. 

foot  of  gas  consumed  per  unit  of  time)  that  is,  the  specific  output 
is  greater  with  incandescent  mantle  lamps  than  with  open  flames, 
but  as  stated  above  there  has  been  comparatively  little  information 
available  on  the  performance  of  these  sources  under  various  low 
pressures  from  one  to  eight  inches  of  water. 

The  writer  stated^  a  year  ago,  that  of  over  eight  hundred  gas 

1  Transactions  American  Gas  Institute.  1Q09. 
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companies  in  this  country  reporting  on  their  pressures,  17.6  per 
cent,  gave  pressures  between  i  and  2  inches ;  63.  per  cent,  gave 
pressure  between  2  and  3  inches ;  19.3  per  cent,  gave  pressures 
between  3  and  6  inches,  and  that  "experience  would  tend  to  show 
that  the  maximum  pressures  are  rather  higher  than  as  shown 
above." 

That  the  tests  here  given  might  have  the  greatest  practical 
value,  the  following  equipment  was  used  and  investigated  at  all 
pressures  from  one  to  eight  inches. 

TABLE  I.  -Open  Fi,.4ME  Burners  Illustrated  in  Fig.  i. 

Rated  consurnp- 
No.  of        tioti,  cu.  ft. 
Test  burners  per  hour  Kindof  burner 

A I  3  lava  tips 

B 6  6  lava  tips 

C -.-2  8  lava  tips 

D 4  5  aluminum  tips 

E r  5  aluminum  tips  governor  burner 

F 6  7  bra}-  high-pressure  burners 

TABLE  IL— Upright  Incandescent  Mantle  Lamps   Illustrated  in 

Fig.  2. 

Test  No.  of  burners  Kind  of  bnrner  and  equipment 

G  10  Upright  burner  with  deck  plates,  6^ 

in.  air-hole  chimneys  and  4  in.  X  '/^ 
in.  cotton  mantles. 

H  10  Upright  burners  with  deck  plates,  6^ 

in.  air-hole  chimneys  and  3^  in.  X 
lys  in.  cotton  mantles. 

I  10  Upright  burners  with  deck  plates,  6^ 

in.  air-hole  chimneys  and  2)4  in.  X 
1  in.  cotton  mantles. 

J  ro  Upright  burners  with  deck  plates,  534^ 

in.  air-hole  chimneys  and  2}4  in-  X 
^  in.  cotton  mantles. 

TABLE  III      Inverted    Incandescent  Mantle   Lamps  IlIvUstrated 

IN  Fig.  3. 

Test  No  of  burners  Kind  of  burner  and  equipment 

K  9  Inverted  burners  with  clear  cylinders, 

ramie  fiber  mantles. 
L  12  Inverted     burners    with     frosted     tip 

cylinders  and  ramie  fiber  mantles. 

In  tests  A  to  F  readings  were  taken  of  the  intensity  in  a 
horizontal  direction  in  a  plane  normal  to  the  flat  side  of  the  flame 
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at  each  pressure,  i,  2,  3,  4,  5,  6,  7  and  8  inches.  One  burner 
in  each  of  the  series  o,  C,  D,  and  F  which  gave  values  nearest 
to  the  average  for   each  test  together  with   burners  A  and  E, 


Cu 


O 


2 


were  then  read  at  2  in.  pressure  at  each  15°  point  in  the  horizontal 
plane  and  also  in  the  vertical  plane.  In  reading  the  former  the 
0°  angle  was  taken  at  the  edge  of  the  flame  while  in  the  reading 


MACBKTH  :     fr£;ssure:  and  ught  output  691 

of  the  latter  the  0°  angle  was  taken  below  the  burner,  and  the 
90°  angle  normal  to  the  flat  side  of  the  flame,  the  same  as  in  the 
horizontal  readings. 

Each  of  the  burners  used  in  these  tests  was  then  photographed 
at  each  pressure,  and  shows  very  clearly  the  effect  of  pressux^e 
on  the  different  flames.  Figs.  4  and  5  showing  burners  D  and  F 
are  i3'pica1  examples  of  the  worst  and  best  of  the  six  sets. 

Figs.  6  and  7  give  the  vertical  and  horizontal  distribution  curves 
at  2  in.  pressure,  and  Fig.  8  the  specific  output,  horizontal  candle- 
power,  and  consumption  of  each  set  of  burners  at  the  various 
pressures  noted. 

Corrections  in  candle-power  and  consumption  were  made  for 
the  barometric,  humidity  and  temperature  conditions  present 
when  the  tests  were  made.  The  open  flame  tests  at  two  inch 
pressures.  Figs.  6  and  7  were  made  with  water  gas  rated  at  "19.78 
candle-power/'  having  a  calorific  value  of  623  British  Thermal 
Units  and  a  specific  gravity  of  0.661. 

While  the  vertical  and  horizontal  distribution  of  light  about 
these  burners  is  not  symmetrical  in  either  the  horizontal  or  verti- 
cal planes,  it  is  so  nearly  so  that  the  horizontal  candle-power 
taken  normal  to  the  side  of  the  flame  may  be  assumed  to  be  the 
mean  horizontal  value  to  which  a  reduction  factor  of  unity  may 
be  applied  for  mean  spherical  candle-power.  As  the  horizontal 
readings  bear  a  direct  relation  to  the  total  flux,  they  ma}^  be  used 
for  the  comparison  of  one  burner  with  another. 

TABLE  IV. — Open  Fi^amk  Burners  at  2-in.  Prhssure. 

Consumption  Specific  output 

Burner  Horizontal  c-p.  cu.  ft.  per  hour        c-p.  per  cu.  ft.  per  hour 

A 14-34  6.45  2.22 

B 21.9  8.2  2.66 

C 36.0  10.5  3.43 

I) 21.0  9.55  2.2 

E 15-6  4.45  3-5 

F 20.5  5.24  3.92 

Reference  to  Fig.  8  shows  that  with  the  lava  tip  burners^  A, 
B,  and  C,  the  point  of  maximum  light  output  lies  between  2  and 
3  in.,  beyond  which  points  the  light  falls  ofif  rapidly  towards  zero 
at  eight  inches,  the  flame  being  almost  blown  out.  The  con- 
sumption practically  follows  a  straight  line  increasing  from  4.14, 
5.56  and  7.8  at  one  inch  to  14.16,   17.8  and  22  cu.  ft.  per  hour 
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respectively  at  8  in.     The  point  of  maximum  duty  is  somewhere 
below  I  in.  pressure. 
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Fig.  6.— Vertical  and  horizontal  distribution  of  light  about  open  flame 
burners  "A",  "B  ",  and  "  C  ". 


The  so-called  5-ft.  aluminum  tip  burner  D,  made  the  poorest 
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showing   at    all    pressures    investigated.      The    5-ft.     aluminum 
tip  governor  burner  E,  was  somewhat  better,  although  the  point 
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Fig.  7. — Vertical  and  horizontal  distribution  of  light  about  open  flame  burners 

"D",  "E",  and  "  F  ". 


of  maximum  specific  output  here  also  was  below  the  i-in.  point. 
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The  horizontal  candle-power  varied  from  11.38  at  i-in.,  reached 
the  maximum  of  19.22  candle-power  at  5-in.,  then  dropped  off  to 
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Fig.  8.  -Performance  of  open  fiame  burners  at  various  pressures. 


34.56  candle-power  at  the  8-in.  pressure.  The  consumption  steadily 


MACBETH  :      PRE:SSURE  AND  UGHT  OUTPUT 


695 


increased  from  3.03  cu.  ft.  at  i  in.  to  9.2  cu.  ft.  at  8  in.  The 
candle-power  per  cu.  ft.  per  hour  falling  off  from  3.76  to  1.58, 
or  by  slightly  over  58  per  cent. 

The  best  burner  throughout  was  shown  to  be  the  special  high 
pressure,  F.  With  these  burners,  the  light  output  increased,  the 
point  of  maximum  being  somewhere  beyond  the  8  in.  point. 
Although  the  consumption  at  8  in.  had  more  than  doubled,  the 
specific  output  fell  off  only  29  per  cent,  from  i  in.  to  8  in.,  the 
highest  pressure  taken. 

These  tests   were   carried  to   an   extreme,   inasmuch   as   most 


^K 

^M 

fe 

^3 

Fig.  9. — Vertical  distribution  of  light  about  upright  mantle  lamps  at  2-in.  and  8-in. 

pressures  respectively. 

users  would  have  reduced  the  pressure  and  flow  of  gas  by  turn- 
ing off  the  key  at  the  burner  long  before  the  flame  reached  the 
blowing  out  point.  As  this  may  not  always  be  done,  however, 
the  results  here  given  show  conclusively  what  can  be  expected. 


UPRIGHT    INCANDE:SCENT    MANTLE    LAMPS. 

Ten  upright  lamps  of  each  kind,  G,  H,  I,  and  J  shown  in  Fig. 
2,  were  taken  from  the  regular  stock  awaiting  shipment,  were 
assembled,  connected  up  and  used  for  sometime  before  being" 
placed  on  the  horizontal  bar  photometer  for  readings  at  i,  2, 
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3,  4,  5,  6,  7,  and  8  in.,  each  lamp  being  adjusted  at  each  pressure 
for  the  maximum  candle-power,  this  maximum  being  judged 
by  the  eye  without  the  aid  of  the  photometer ;  in  other  words  each 
lamp  was  given  a  ''fitter's  adjustment."  The  purpose  of  the 
entire  test  was  not  to  show  the  highest  light  output  nor  maximum 
"specific  output,"  which  might  be  possible,  but  to  secure  average 
results  which  would  be  readily  reproducible  and  which  would 
represent,  as  nearly  as  possible,  the  performance  which  might 
reasonably  be  expected  in  practice  with  similar  equipment  under 
somewhat  similar  conditions. 
After  running  the  entire  series  through  at  the  various  pres- 


Fig.  10. — Vertical  distribution  of  light  about  upright  lamp  H  with  two 
diflferent  chimneys. 

sures  above  stated,  one  lamp  from  each  class  was  chosen,  this 
lamp  being  the  one  which  in  total  light  output  and  ''specific  out- 
put" most  nearly  represented  the  average.  Each  of  these  lamps 
was  then  placed  on  the  radial  photometer  and  read  at  each  15° 
angle  in  the  vertical  plane  at  2-in.  and  at  8-in.  pressures,  see 
(Fig.  9).  Corrections,  were  applied,  based  on  the  average  hori- 
zontal values  from  the  series  of  ten  lamps,  in  order  that  these 
tests  on  the  one  lamp  might  be  properly  representative.  To 
just  what  extent  this  average  (with  the  fitter's  adjustment)  gives 
conservative  results  may  be  best  appreciated  by  a  comparison  of 
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the  two  curves  of  Fig.  10.  The  largest  curve  marked  H  was 
the  average  lamp  in  the  H  series,  and  was  especially  adjusted 
with  the  aid  of  the  photometer  for  maximum  candle-power  at 
minimum  consumption.  The  smaller  curve  shows  the  distri- 
bution from  the  same  burner  and  mantle  with  a  cylinder  differing 
from  the  regular  one  in  that  the  air-holes  were  'j/i  in.  less  in 
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Fig.  II. — Performance  of  upright  mantle  lamps  at  various  pressures. 

diameter.  The  equipment  with  the  best  possible  adjustment  and 
large  air-hole  chimney  shows  an  increase  over  the  fitter's  ad- 
justment of  10. 1  per  cent,  and  an  increase  of  14  per  cent,  over 
the  small  air-hole  chimney;  which  facts  illustrate  very  clearly  the 
effect  of  good  adjustment  and  mechanical  design  on  the  effi- 
ciency of  a  lamp  as  a  producer  of  light. 
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In  Fig.  1 1  is  shown  the  characteristic  performances  of  the  ser- 
ies of  ten  lamps  each  of  G,  H,  I  and  J  illustrated  in  Fig-.  2.  G, 
H,  and  I  do  not  show  any  falling  off  in  '"duty"  at  pressures  be- 
low 8  in.  It  is,  however,  clearly  indicated  that  these  lamps 
should  be  used  on  pressures  of  over  2-in.     The  light  production 
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Fig.  12. — Characteristics  of  upright  mantle  lamps  plotted  in  per  cent,  values  with  2.5-in. 

pressure  as  the  base. 

and  "specific  output"  increasing  rapidly  from  the  i-in.  to  2-in. 
pressure  points. 

The  lamps  of  series  J  show  a  maximum  duty  at  about  4-in. 
pressure,  falling  off  very  slightly  up  to  the  8-in.  pressure  point. 

Table  5,  bringing  the  results  at  the  2.5-in.  pressure  and  the  8-in. 
points  together,  shows  very  clearly  the  considerable  effect  due 
to  pressure.  It  might  be  here  stated  that  2.5-in.  pressure  has 
been  assumed  as  more  nearly  representative  of  the  average  sup- 
ply in  this  country  and  was  therefore  adopted  by  a  large  manu- 
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facturer  of  gas  lamps  as  the  standard  pressure  at  which  to  make 
light  distribution  tests  with  various  lamps  and  accessories. 

The  tests  here  recorded  show  rather  conclusively  that  reports 
on  the  light  output  and  gas  consumption  of  different  lamps 
at  different  pressures  may  in  no  way  be  considered  comparable 
unless  the  characteristic  of  the  performance  of  each  lamp  is 
known  at  the  various  other  pressures.  To  calculate  the  probable 
resultant  illumination  with  any  gas  lamp,  it  is  also  necessary 
not  only  to  have  this  information  but  also  that  pertaining  to  the 
average  pressure  of  supply.  With  an  increase  in  light  produc- 
tion of  from  lOO  to  190  per  cent,  depending  upon  whether  the 
pressure  is  i-in.  or  8-in.  and  depending  also  upon  the  equip- 
ment used,  is   surely  a  point  worthy  of  much  consideration. 
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Figs.  13  and  17.— Vertical  distribution  of  light  about  inverted  mantle  lamps  "  K"  at 
i-in,  2.5  in.  and  8-in.  pressures,  and  with  frosted  tip  cylinder  at  2.5-in.  pressure. 

In  Fig.  12  is  given  the  characteristic  curves  of  lamps  G,  H,  I 
and  J  plotted  in  per  cent,  values  with  the  results  at  2.5-in. 
pressure  at  the  base,  showing  the  relation  between  the  total 
lumens  generated  per  cu.  ft.  of  gas  consumed  per  hour,  and  the 
consumption,  with  the  pressure. 

A  distribution  curve  of  lamp  H,  a  combination  which  has  a 
large  field,  if  made  on  water  gas  at  2.5-in.  pressure  could  be 
used  for  the  calculation  of  the  intensity  of  illumination  on  a 
given  plane  only  where  the  supply  pressure  would  be  2.5-in, 
Knowing  the  light  output  from  this  lamp  at  all  other  pressures 
up  to  8-ins.,  the  proportionate  illumination  which  would  result 
if  the  average  pressure  of  the  supply  was  4-in.  may  be  readily 
determined     and     would     be     t.t6     times     calculated     that    as 
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is  indicated  on  the  "per  cent,  total  lumen"  curve  as  plotted.  On 
the  other  hand  at  1.5-ins.,  the  illumination  would  be  82  per  cent, 
of  that  calculated  at  2.5-ins.,  and  for  installations  where  the 
pressure  will  average.  1.5-ins.  the  calculated  results  at  2.5-in. 
pressure  should  be  reduced  by  this  factor.  Conversely,  the  re- 
sults from  illumination  measurements  of  various  installations 
may  be  brought  to  compare  with  other  tests  by  reducing  or  in- 
creasing as  the  case  may  be,  all  values  to  the  2.5-in.  pressure 
basis,  using  in  each  instance  the  characteristic  curves  for  the  par- 
ticular equipment  under  test. 

INVERTED    INCANDSCKNT     MANTLE    EAMPS. 

Tests   K   and   L  were   carried   out   on   lines   similar   to   those 
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Figs.  14.  and  15. — Performance  of  inverted  mantle  li^mps  "  K  "  at  various  pressures. 

above  described  for  G,  H,  I  and  J  with  the  exception  that  full 
radial  readings  at  each  15°  in  a  vertical  plane  from  0°,  the  nadir 
point,  to  180°  were  taken  on  each  lamp.  Where  the  horizontal 
readings  on  the  open  flames  and  the  upright  lamps  maintain  a 
certain  fixed  relation  to  the  total  flux,  it  was  found  that  the 
readings  at  90°  on  the  inverted  lamps  would  vary  to  a  greater 
or  lesser  extent  with  lamps  giving  practically  the  same  total 
light  flux,  but  that  a  curve  can  be  drawn  between  pressure  and 
the  candle-power  at  77°  30'  which,  within  i  per  cent,  has  the 
same  characteristic  curve  variation  as  that  between  the  total 
flux  and  the  pressure  in  inches  of  water.  It  is  a  rather  peculiar 
coincidence  also  that  the  candle-power  at  this  angle  when  mul- 
tiplied by  10  gives  the  total  lumens  generated. 
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It  was  also  found  that  when  a  curve  was  plotted  in  the  propor- 
tionate scale  values  of  lOO  lumens  to  i-in.  pressure  with  the  total 
lumens  as  abscissa,  and  pressure  in  inches  of  water  as  ordinate, 
it  conformed  very  closely  to  the  arc  of  a  circle  the  center  of 
which  was  on  the  base  line  at  7.15-in.  pressure.  The  maximum 
variation  between  the  circle  and  flux-pressure  curve  was  0.5  per 
cent,  from  1.5-in.  to  6.5-in.  pressure. 

From  the  circle,  the  following  formula  was  derived: — 


300  -f  1001/36.6  —  (7.15  —  ^y  =  total  lumens. 

Where  P  is  the  pressure  in  inches  of  water — (1.5-in.  to  6.5- 
in.).  Total  lumens  is  the  total  light  flux  generated  by  lamp  K, 
j^ig-  3j  with  clear  cylinder  and  ramie  fiber  mantle  when  ad- 
justed to  its  maximum  candle-pcwer  as  judged  by  a  fitter. 

Upright  Formula. — The  following  formula  may  be  used  to 
calculate  the  total  flux  from  the  burner  shown  as  H  in  Fig.  2 
for  pressure  from  2  to  8  in.  water 

r     ^    ,    86  P  —  172  "I        ^       '^  , 
95    138  H 7 —     =^^  total  lumens. 

It  is  readily  seen  that  from  these  formulas  the  total  flux  may 
be  calculated  for  the  most  usual  low  pressures.  Reference  to 
Fig.  13  shows  that  the  effect  of  pressure  must  be  taken  into  ac- 
count with  these  lamps  also,  although  not  to  the  extent  necessary 
with  the  upright.  Fig.  15  shows  the  lumens  per  cu.  ft.  per  hour 
the  total  lumens  and  the  consumption  curves  plotted  against 
pressure. 

This  lamp  gives  so  much  better  results  above  2-in.  pressure 
that  the  question  of  the  supply  pressure  should  be  investigated 
before  deciding  upon  its  use.  The  point  of  maximum  duty  here, 
as  with  the  upright  lamps,  is  beyond  8-in.  Satisfactory  results, 
however,  should  be  secured  at  any  point  above  2-in.  pressure. 
Fig.  14  gives  the  curves  for  duty,  total  lumens  and  consumption 
in  percentage  values  with  the  2.5-in.  pressure  as  a  base. 

Table  VI  shows  the  values  read  from  the  curve  Fig.  15  for 
each  pressure  change  of  o.i-in. 

Test  h  was  with  12  lamps,  similar  to  those  in  test  K  with 
the  single  exception  that  a  frosted  tip  cylinder  was  used.  The 
characteristic   performance   of   these   lamps   are   exactly   similar 
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TABLE  VI. — Flux  at  Various  PressurEvS  with  2.5-iN.  Pressure 
AS  Unity  Taken  from  Flux-Pressure  Curves. 


Pressure 

Flux 

Pressure 

Flux 

Pressure            Flux 

I.O 

0.515 

3.7 

1. 164 

6.0               I 

296 

1-5 

0.719 

3 

8 

1. 173 

6.1            I 

299 

1.6 

0.753 

3 

9 

2.182 

6.2            I 

302 

1.7 

0.789 

4 

0 

1. 191 

6.3            I 

305 

1.8 

0.823 

4 

I 

1.20 

6.4            I 

309 

1.9 

0.855 

4 

2 

1.209 

6.5            I 

312 

2.0 

0.885 

4 

3 

1. 214 

6.6            I 

316 

2,1 

0.913 

4 

4 

1.221 

6.7            I 

319 

2.2 

0.936 

4 

5 

1.229 

6.8            I 

321 

2.3 

0.960 

4 

6 

1-233 

6.9            I 

324 

2.4 

0.980 

4 

7 

1.238 

7.0            I 

327 

2.5 

1. 000 

4 

8 

1.244 

7.1             I 

329 

2.6 

1. 015 

4 

9 

1-25 

7.2            I 

331 

2.7 

1.035 

5 

0 

1.255 

7.3            I 

333 

2.8 

1.05 

5 

I 

1.26 

7-4            I 

335 

2.9 

1.064 

5 

2 

1.265 

7-5            I 

336 

30 

1.079 

5 

3 

1.269 

7.6            I 

338 

3.1 

1.092 

5 

4 

1.273 

7.7            I 

339 

3-2 

1. 106 

5 

5 

1.277 

7.8            I 

341 

3-3 

1. 119 

5 

6 

1. 281 

7.9            I 

343 

3-4 

1. 131 

5 

7 

1.285 

8.0            I 

344 

3-5 

1. 143 

5 

8 

2.289 

3-6 

I-I53 

5 

9 

1.293 

to  those  in  test  K  shown  by  Figs.  14  and  15,  excepting  that  the 
total  flux  is  reduced  2.5  per  cent,  due  to  the  frosting  of  the 
cyHnder.  Fig.  16  shows  the  distribution  of  Hght  about  this 
lamp  at  2.5-in,  pressure.  Where  with  the  clear  cylinder  the 
candle-power  intensity  at  yy°  30'  represented  one-tenth  of  the 
total  flux  in  lumens,  with  the  frosted  tip  cylinder  the  angle  is 
82°  30'  for  a  similar  result. 

DISCUSSION. 

Mr.  G.  S.  Barrozvs: — In  the  reports  of  pressures  from  various 
companies  in  the  country,  were  the  pressures  as  reported  taken 
at  the  head  of  the  service  or  at  the  tip  burner?  Were  the  man- 
tles that  were  tested  on  the  upright  lamps  the  same  in  G  and 
H?  Apparently  one  mantle  was  a  long  one.  Were  the  mantles 
seasoned?  The  author  speaks  of  the  fitter's  adjustment  of  the 
mantle  burners  when  being  tested,  but  he  did  not  give  any  fitter's 
adjustment  to  the  open  flame  burners.  Why  is  it  not  as  fair  to 
make  a  fitter's  adjustment  in  one  case  as  in  the  other? 
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Mr.  Ward  Harrison: — Do  the  comparisons  given  for  the  com- 
panies reporting  one  to  two  inch  pressure,  etc.,  refer  to  the 
number  of  companies  reporting  or  to  their  output  in  milHon 
cubic  feet  per  day?  Was  the  upright  mantle  used  the  regular 
mantle  that  is  commonly  sold?  Is  the  inverted  mantle  regu- 
larly supplied  now  with  the  ramie  fibre?  If  the  pressure  varies 
while  the  lamp  is  adjusted  for  one  pressure,  what  effect  has  the 
variation  on  the  candle-power?  What  percentage  does  the  author 
allow  as  a  general  thing  between  the  fitter's  adjustment  and  an 
adjustment  for  m.aximum  candle-power  on  a  photometer? 

Mr.  S.  W.  Ashe : — The  author  states  that  the  corrections  in 
candle-power  and  gas  consumption  were  made  for  the  barometric, 
humidity  and  temperature  conditions  present  when  the  tests 
were  made.  I  should  appreciate  knowing  how  much  effect  these 
different  things  have  upon  the  candle-power  of  the  mantle.  I 
should  also  be  pleased  to  learn  how  many  inches  of  pressure  is 
used  for  natural  gas.  What  effect  has  a  variation  in  calorific 
value  of  the  gas  upon  the  candle-power  in  an  inverted  mantle? 
Other  conditions  remaining  the  same,  I  should  imagine  that 
there  would  be  a  marked  variation,  and  some  tests  which  I  have 
made  indicate  that  a  large  variation  exists. 

Dr.  C.  H.  Sharp  \ — How  were  the  corrections  made  in  the 
candle-power  for  the  humidity? 

Mr.  H.  T.  Ozvcns: — The  author  says  one  of  the  most  im- 
portant considerations  in  gas  illumination  is  the  effect  of  pres- 
sure upon  the  lamps.  Instead  of  the  effect  of  the  pressure  upon 
the  lamps,  I  should  say  that  one  of  the  most  important  considera- 
tions was  to  regulate  that  pressure,  and  when  the  installation 
is  of  sufficient  size  to  require  extensive  calculations  to  deter- 
mine the  intensity  of  illumination,  a  pressure  regulator  should 
in  all  cases  be  employed.  However,  pressure  is  not  of  so  great 
importance  as  is  the  quality  of  the  gas. 

Mr.  William  J.  Serrill : — Concerning  the  extent  of  variation  of 
pressure  that  exists  in  gas  practice,  I  should  say  that,  while 
there  may  be  in  many  cases  considerable  variation  at  different 
times  of  the  day,  during  the  lighting  hours  the  pressure  for  a 
given  consumer  would  be  reasonably  uniform  throughout  the 
year.  There  are  I  imagine  in  every  city  some  customers  who 
get  uniformlv  higher  pressures  during  the  lighting  hours  than 
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other  consumers  do.  There  are  probably  sections  in  every  city 
where  the  pressures  are  somewhat  lower  than  the  ideal  one.  In 
Philadelphia  there  are  a  good  many  holder  stations,  and  hence 
the  pressure  is  regulated  so  that  probably  90  per  cent,  of  the 
consumers  have  nearly  the  ideal  pressure  throughout  the  twenty- 
four  hours  and  throughout  the  year.  The  aim  is  to  have  the 
pressure  in  the  mains  at  from  3  in.  to  3.5  in.  water  column. 
Are  the  incandescent  gas  mantles  that  are  put  on  the  market 
serviceable  under  eight  inches  of  pressure,  that  is,  will  they 
withstand  that  much  pressure  in  actual  use? 

Mr.  C.  S.  Rowe: — Has  the  author  any  general  information, 
even  if  not  definite,  on  the  effect  of  variations  in  pressure  on 
the  life  of  mantles.  It  seems  to  me  that  the  candle-power  varia- 
tions, while  they  are  important,  are  perhaps  only  equally  so 
with  the  effect  on  life. 

Mr.  P.  S.  Millar: — In  obtaining  the  curves  for  variation  of 
candle-power  with  pressure,  was  the  lamp  adjusted  at  each 
pressure  for  maximum  candle-power,  or  was  it  given  one  initial 
adjustment  and  left? 

It  would  be  interesting  to  learn  the  author's  views  as  to  why 
relatively  so  few  mantles  are  used  in  this  country.  Is  it  not  true 
that  there  are  great  differences  in  the  quality  of  gas  lamps  to  be 
had  in  this  country?  If  that  is  so,  to  what  extent  are  the  better 
class  of  lamps  used?  Are  the  gas  companies  doing  anything 
to  promote  the  use  of  the  better  gas  lamps,  thereby  promoting 
their  consumers'  interest  in  the  matter? 

I  wish  to  express  my  appreciation  of  this  paper.  It  is  cer- 
tainly a  valuable  contribution  to  our  Transactions. 

Mr.  Barrows'. — When  incandescent  mantle  gas  lamps  were 
first  put  on  the  market,  about  1888  or  1889,  there  was  almost 
no  sale  for  them  anywhere  in  this  country  except  in  the  natural 
gas  region.  From  1888  to  1889  up  to  about  1892  or  1893  the 
mantle  manufacturing  company  was  kept  alive  by  the  sales  of 
mantles  and  lamps  through  the  natural  gas  region,  relatively 
few  lamps  being  sold  for  use  with  manufactured  gas. 

The  probable  reason  for  the  higher  efficiency  of  the  lamps 
with  natural  gas  was  the  universally  higher  pressure  under 
which  the  lamps  were  used.  While  it  is  true  that  natural  gas 
has  higher  calorific  value,  running  from,  say,  900  to  1,200  B.  t. 
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u.'s  per  cubic  foot,  as  against  an  average  of  perhaps  600  B.  t. 
u.'s  per  cubic  foot  of  manufactured  gas,  the  increase  in  the 
pressure  was  probably  what  sold  the  lamps  in  the  natural  gas 
regions ;  in  many  cities  where  natural  gas  was  sold  under  low 
pressures,  that  is,  two  or  three  inches,  the  lamps  were  not  a 
success.  The  pressures  under  which  they  were  used  in  natural 
gas  regions  varied  anywhere  from  a  quarter  of  a  pound  up  to 
ten  pounds.  I  have  seen  lamps  that  have  been  in  use  for  a 
period  of  probably  five  or  six  years,  the  brass  parts  of  which  are 
in  practically  as  good  condition  as  the  day  they  were  put  in; 
the  mantles  and  the  globes  are  used  up  very  rapidly  under  the 
higher  pressures;  unless  the  lamps  are  kept  carefully  adjusted, 
the  gauzes  are  also  burned  under  the  higher  pressures.  How- 
ever, it  was  the  higher  pressure  that  kept  the  market  for  the 
old  gas  mantle  alive  until  the  thorium  mantle  was  developed. 

Mr.  Hanlon : — As  to  what  the  gas  companies  are  doing  to 
insure  good  lamps  being  placed  on  the  market,  I  may  say  that 
most  gas  companies  that  handle  lamps  themselves  must  of  ne- 
cessity handle  the  best  lamps  they  can  get.  The  gas  companies, 
like  electric  light  companies,  are  selling  service,  and  if  they 
do  not  give  the  service,  naturally  they  cannot  expect  their 
consumers  to  be  satisfied.  It  behooves  the  gas  companies  to 
handle  the  best  lamps  they  can.  It  is  only  through  the  dealers 
that  have  no  interest  whatever  in  the  service,  but  just  in  the 
profits  that  they  make  on  the  sale  of  the  lamps,  that  the  stand- 
ard of  lamps  has  been  lowered.  I  dare  say  in  every  city  there 
are  a  half  dozen  people  handling  cheap,  inferior  lamps.  A 
person  can  buy  a  lamp  mantle  at  prices  ranging  from  19  cents 
to  $1.50,  The  $1.50  lamp  is  usually  sold  by  the  gas  company, 
and  the  19  cent  lamp  is  usually  handled  by  the  dealer.  The 
dealer  has  no  interest  whatever  in  the  service,  but  the  gas  man 
has  an  interest  in  the  service  and  naturally  must  sell  the  best 
goods. 

Mr.  R.  S.  Hale : — Will  the  shape  of  the  curves  shown  by  the 
author  be  different  towards  the  end  of  the  life  of  the  mantle? 
When  a  mantle  has  been  used  say  300  or  400  hours,  will  the 
shape  be  different  or  the  same  as  when  the  mantle  was  new  ? 

Mr.  Scrrill : — On  the  question  of  gas  pressure,  I  think  the 
tendencv  among  gas  companies  in  this  country,  as  it  is  abroad. 


MACBETH  :      PRKSSURE  AND  UGHT  OUTPUT  707 

is  to  increase  the  pressures.  Higher  pressures  prevail  more 
generally  now  than  they  did  five  years  ago,  and  I  imagine  five 
years  hence  still  higher  pressures  will  prevail.  An  enormous 
quantity  of  gas  is  used  for  fuel  appliances,  but  all  those  ap- 
pliances can  be  adjusted  to  the  higher  pressures,  and  even  they 
give  better  results  with  higher  pressures,  just  as  it  is  true  of  the 
incandescent  gas  lamps. 

Reference  was  made  to  the  quality  of  the  gas  as  affecting 
incandescent  gas  lamps.  My  impression  is  that  the  only  feature 
of  quality,  apart  from  the  pressure,  is  the  gravity  of  the  gas. 
A  change  in  the  gravity  produces  as  great  an  effect  as  a  change 
in  the  pressure. 

Mr.  Macbeth : — The  values  of  pressures  recorded  in  the  paper 
were  really  obtained  from  a  directory.  As  a  matter  of  fact,  as 
stated  in  that  report,  I  do  not  believe  that  the  pressures  as  given 
were  representative.  They  were  what  the  gas  men  would  like 
to  have  had.  The  pressures  are  various  throughout  the  differ- 
ent parts  of  the  country.  In  some  towns,  which  are  quite  hilly, 
the  pressures  are  greater  in  one  part  of  the  town  than  in 
another. 

As  to  the  length  of  the  mantles  in  the  tests  G  and  H,  one 
was  4  in.  X  i^  iii-  and  the  other  mantle  was  3.5  in.  X  i>^  in. 
The  mantles  used  were  not  what  would  be  stated  as  seasoned ; 
they  had  been  used  for  about  100  hours.  The  open  flame  was 
not  given  a  fitter's  adjustment,  because,  as  stated  before,  a 
fitter  does  not  adjust  the  flame.  That  is  usually  done  by  the 
householder  or  the  individual  who  applies  the  match.  Just  what 
adjustment  would  be  used  is  rather  difficult  to  determine ;  con- 
sequently the  key  was  left  open,  subject  to  the  pressure  as 
stated;  each  reader  of  the  paper  is  left  to  judge  at  just  which 
point  and  to  what  pressure  he  would  turn  the  key.  The  curves 
will  show  what  the  result  would  be. 

The  gas  pressure  report  was  given  for  800  companies  through- 
out the  entire  country,  not  800  pressures  as  was  assumed. 

Concerning  the  effect  of  pressure,  where  the  two  vertical  dis- 
tribution curves  marked  H  are  given,  both  were  taken  with  the 
maximum  candle-power  adjustment  as  judged  with  the  pho- 
tometer, the  ten  per  cent,  difference  being  due  entirely  to  this 
adjustment.     In  other  words,  they  were  observed  with  the  same 
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lamp  which  gave  results  nearest  to  the  average  in  the  regular 
test ;  the  14  per  cent,  less  light  flux  was  also  observed  with  the 
maximum  adjustment  but  with  the  chimney  having  the  smaller 
air  holes. 

The  barometric  and  temperature  corrections  were  made  for 
all  the  tests  while  the  additional  -humidity  corrections  were 
made  for  the  pentane  lamp  and  gas  flame  tests  only.  These 
corrections  are  the  ones  regularly  made  to  bring  the  results  to 
standard  conditions. 

Mantles  have  been  used  at  pressures  as  high  as  270  inches. 
The  effect  of  calorific  value  on  a  mantle  I  do  not  believe  has 
been  fully  determined.  Two  laboratories  with  which  I  am  ac- 
quainted take  these  various  observations  on  all  their  tests,  that 
is,  the  calorific  value  of  the  gas,  its  specific  gravity  and  all  other 
possible  qualifications  of  that  gas.  Undoubtedly  at  some  not 
very  distant  date,  information  will  be  available  on  this  particular 
point.  The  European  opinions  given  thus  far  differ  consider- 
ably. Two  authorities,  for  instance,  each  of  whom  has  been 
recognized,  give  widely  different  opinions. 

Concerning  the  effect  of  pressure  on  lamps,  it  may  be  said 
that  when  a  lamp  is  adjusted  at  2.5  in.  pressure  and  the  adjust- 
ment remains  fixed  while  the  pressure  is  increased  to  3,  4,  5  or 
6  inches  or  reduced  to  i  or  2  inches,  the  effect  may  be  consider- 
able, depending  not  only  on  the  changes  in  pressure  but  also  on 
the  kind  of  lamp  and  mantle.  It  is  very  seldom,  of  course,  that 
a  householder  would  permit  a  flame  to  come  above  the  mantle 
and  perhaps  above  the  chimney  without  turning  it  down  at  the 
key,  while  for  lower  pressures  the  adjustment  of  the  burner 
is  generally  changed.  However,  there  are  remarkably  few  cities 
in  which  there  are  any  such  pressure  changes  during  the  ordi- 
nary lighting  hours  or  during  the  time  that  a  burner  would  be 
used.  The  remedy  would  not  rest  with  the  lamp  manufacturer 
or  the  consumer  but  with  the  supply  company.  Observations 
made  at  all  hours  of  the  day  and  all  hours  of  the  night  in  the 
city  in  which  T  live  showed  that  the  changes  in  pressure  during 
any  two  or  three  months  did  not  exceed  0.3  in.  of  water  from 
the  normal  of  3.0  in.  I  believe  that  in  the  last  two  years  not 
more  than  two  of  the  12  lamps  in  my  residence  have  been 
touched  so  far  as  adjustment  was  concerned.     The  only  mantle 
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changed  was  one  broken  accidentally  in  removing  the  glassware 
for  cleaning;  the  balance  of  the  installation  is  just  as  when  it 
was  first  made. 

I  believe  a  lamp,  so  far  as  the  mantle  is  concerned,  would  be 
quite  as  serviceable  under  8  in.  pressure  as  under  3  in.  because 
the  high  pressure  is  not  on  the  mantle — it  is  on  the  burner 
orifice,  and  by  adjusting  down  at  that  point  the  pressure  is  not 
greater  on  the  mantle  than  it  would  be  with  a  lower  initial  pres- 
sure. What  is  obtained  at  the  high  pressure  is  a  better  mixture 
of  gas  and  air,  the  higher  velocity  of  the  jet  in  the  check  induc- 
ing a  better  air  and  gas  mixture. 

The  question  was  asked :  Why  are  so  few  mantles  used  in 
this  country?  I  may  get  disliked  when  I  give  the  answer  but  I 
believe  that  it  is  largely  due  to  the  general  inactivity  of  the  gas 
companies.  A  gas  works  was  started  in  Baltimore  over  a 
hundred  years  ago,  yet  the  large  companies  have  only  within  the 
last  two  or  three  years  been  opening  up  show  rooms  and  giving 
consumers  an  idea  of  what  they  can  get  .and  how  they  can  best 
use  gas.  The  mantle  business  and  the  gas  business  has  been 
largely  in  the  hands  of  the  dealer,  the  peddler  and  the  depart- 
ment store.  I  believe  that  if  it  were  not  for  the  very  consider- 
able value  back  of  incandescent  mantle  lighting  and  the  ap- 
preciation of  that  value  by  consumers,  there  would  not  be  any 
gas  lighting  to-day.  It  has  been  hammered ;  it  has  been  put 
down ;  it  has  been  labelled  as  everything  that  is  bad  and  if 
it  was  not  for  the  few  consumers  who  realize  and  appreciate  the 
good  value  and  quality  of  illumination  possible  there  would 
be  very  much  less  gas  used.  There  are  now  many  gas  companies 
who  are  establishing  new  business  departments  and  are  really 
going  after  the  business  properly  and  intelligently,  and  I  believe 
that  there  are  companies  which  now  appreciate  the  value  of  the 
new  business  department  adopting  illuminating  engineering  meth- 
ods in  approaching  the  problem.  The  use  of  these  methods  will 
largely  increase  when  their  value  is  more  generally  appreciated. 

Mr.  Hale's  question  as  to  the  shape  of  the  light  distribution 
curve  from  the  niantle  1  am  unable  to  answer  fully.  To  the 
best  of  my  knowledge  I  do  not  believe  it  would  make  any  diflFer- 
ence.  In  other  words,  the  gradual  reduction  with  time  in  light 
output  from  the  mantle  is  uniform  over  the  entire  mantle.     That 
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of  course  depends  largely  on  the  mantle  also.  There  are  availa- 
ble to-day  mantles  which  do  not  shrink,  which  will  hold  their 
shape,  hold  their  color,  and  continue  to  give  their  full  candle- 
power.  On  the  ordinary  lamps  and  mantles  with  which  we  are 
so  familiar,  the  considerable  loss  in  light  is  largely  due  to  the 
shrinkage  of  the  mantle,  the  actual  area  being  more  or  less 
reduced  with  age. 

Mr.  Serrill  raised  the  question  of  the  change  in  the  gravity  of 
gas  and  its  effect.  A  change  in  the  gravity  of  gas  has  the  same 
effect  as  the  reduction  of  the  orifice  in  the  check  of  the  burner; 
in  other  words  a  change  of  adjustment.  When  the  gravity  is 
changed  it  simply  means  that  at  the  works  the  adjustment  on 
all  the  burners  is  being  changed.  Of  course  there  would  be  diffi- 
culty if  the  change  were  greater  than  the  lamp  and  the  mantle 
would  ordinarily  take  care  of  either  as  a  decrease  or  increase 
in  pressure  or  adjustment. 
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SOME  SPECTRAL  LUMINOSITY  CURVES   OBTAINED 
BY  FLICKER  AND  EQUALITY  OF  BRIGHT- 
NESS PHOTOMETERS/ 


BY    HERBERT    E.    IVES. 


It  is  probably  not  necessary  to  discuss  at  any  length  before 
the  Illuminating  Engineering  Society  the  difficulties  of  hetero- 
chromatic  photometry  nor  the  importance  of  a  solution  of  the 
problem.  Considerable  work  has  been  done  in  the  past  by  num- 
erous observers,  among  whom  may  be  mentioned  Dow,  Abney, 
Tufts,  Wild,  Stuhr  and  Millar.  Mr.  Millar  in  an  excellent 
paper  before  the  Society's  convention  last  year  summarized  the 
difficulties  besetting  this  problem.  It  will,  therefore,  be  assumed 
here  that  the  importance  of  more  knowledge  of  photometric 
methods  applicable  to  our  many-hued  illuminants  is  appreciated 
and  the  difficulties  in  some  measure  understood. 

In  the  present  paper  are  given  some  results  obtained  in  the 
progress  of  an  extended  investigation  upon  methods  of  hetero- 
chromatic  photometry.  The  investigation  is  as  yet  far  from 
completed  and  the  results  here  presented  form  only  a  part  of 
the  work  already  done,  and  a  smaller  part  of  that  yet  to  do. 
They  form,  however,  a  fairly  complete  investigation  as  they 
stand,  and  as  they  illustrate  satisfactorily  some  of  the  chief 
phenomena  appearing  from  the  investigation  in  progress  they 
are  thought  to  be  of  sufficient  interest  to  be  presented  now. 

From  the  standpoint  of  accurate  photometry,  the  most  im- 
portant problem  at  present  is  a  comparison  of  the  methods  of 
equality-of-brightness  and  flicker  photometry.  Of  the  several 
methods  of  photometry  of  differently  colored  lights,  these  alone 
possess  the  quality  of  sensibility  to  a  sufficient  degree  to  war- 
rant their  use  for  measurement.  Experiment  has  shown  the 
criteria  of  these  two  methods  to  be  different  under  certain  con- 
ditions. The  first  problem  undertaken  in  this  mvestigation  has 
been  a  study  of  the  effect,  on  each  method,  of  varying  those 
conditions  which  affect  brightness  comparisons  where  color  dif- 
ference exists.     The  principal  conditions  in  questions  are :   ab- 

1  A  paper  presented  at  the  Fourth  .Annual  Convention  of  the  Ilhiminating  Engineer- 
ing Society,  Baltimore,  October  24  and  25,  1910. 
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solute  illumination,  size  of  photometric  field,  and  differences  in 
color  vision  in  different  observers. 

The  apparatus  employed  was  designed  with  four  objects  es- 
pecially in  view.  First,  the  scale  of  color  should  be  of  a  stand- 
ard character.  Second,  the  flicker  and  equality-of-brightness 
measurements  should  be  obtainable  in  the  same  apparatus  with- 
out disturbing  any  of  the  critical  conditions.  Third,  it  should 
be  possible  to  vary  the  illumination  widely.  Fourth,  arrange- 
ments should  be  made  to  use  several  sizes  of  photometric  field. 

These  objects  were  all  attained  by  die  use  of  a  prism  spec- 


Fig.  I.— Arrang^ement  of  apparatus. 

I.  Ob.serving  slit;  2,  prism  table;  3,  collimator  slit;  4,  divided  drum;  5,  wave-length 
drum;  6,  w^hite  sector  desk;  7,  photometer  bench;  8,  standard  lamp;  9,  diffusing  glass; 
10,  light  source;  11,  photometer  bench;  12,  diaphragm. 

trometer  in  conjunction  with  a  white  sector  disc,  which  in  ro- 
tation formed  a  Whitman  flicker  photometer.  With  this  in- 
strument the  spectrum  of  a  normally  operated  tungsten  lamp 
is  formed  upon  an  observing  slit.  The  eye  placed  here  sees 
the  whole  face  of  the  prism  illuminated  by  a  narrow  portion  of 
the  spectrum.  The  Whitman  disc  is  situated  between  the  prism 
and  the  observing  telescope  lens  and  is  illuminated  by  a  standard 
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4-watt  carbon  lamp  mounted  upon  a  photometer  bar.  When 
stationary  the  disc  may  be  placed  so  that  one  of  its  edges  bisects 
the  field  of  view,  thus  permitting  equaHty-of-brightness  com- 
parisons between  the  white  surface  and  the  spectrum  color. 
The  brightness  of  the  spectrum  field  is  altered  by  changing 
the  width  of  the  spectrometer  slit.  During  the  measurement 
of  a  ''spectral  luminosity  curve"  corresponding  to  one  illumina- 
tion, the  position  of  the  standard  lamp  remains  unaltered,  so 
that  all  of  the  measurements  are  made  at  that  one  fixed  illumi- 
nation. The  spectral  luminosity  curves  are  then  obtained  by 
taking  the  reciprocals  of  the  slit  widths,  correcting  the  values 
for  the  dispersion  of  the  prism. 

Different  sizes  of  photometric  field  are  obtained  by  diaphragms 
over  the  lens  of  the  observing  telescope.  Three  sizes  are  being 
used,  and'these,  combined  with  about  ten  different  illuminations, 
make  thirty  or  more  combinations  of  conditions  under  which 
comparisons  of  the  two  methods  are  being  made. 

The  results  of  these  will  be  reported  upon  later.  The  present 
report  is  upon  a  set  of  comparative  measurements  made  by  five 
different  observers  at  two  illuminations,  for  one  field  size.  The 
five  observers  were  all  in  some  degree  experienced  in  making 
observations  and  possessed  no  marked  abnormalities  of  color 
vision.  The  two  given  by  the  initials  H.  E.  I.  and  M.  L.  have 
made  numerous  observations  with  the  apparatus  and  therefore 
were  the  most  experienced.  F,  E.  C.  has  had  long  experience 
in  photometric  work;  C.  F.  L.,  considerable  experience  in  pho- 
tometric and  other  observations ;  P.  W.  C,  the  least  experience 
in  ordinary  photometry,  but  is  accustomed  to  visual  observa- 
tions in  various  optical  instruments.  The  illuminations  used 
were  chosen  in  the  light  of  the  previous  work  by  the  two  more 
experienced  observers.  The  lowest  is  one  at  which  it  is  still 
possible  to  make  flicker  measurements  without  too  great  diffi- 
culty; the  highest  is  one  beyond  which  from  previous  exper- 
ience little  change  in  the  curves  is  to  be  expected.  Both  higher 
and  lower  illumination  measurements  with  larger  and  smaller 
photometric  fields  have  been  made  by  the  two  most  experienced 
observers,  and  their  results  v/ill  to  some  extent  be  drawn  upon 
in  interpreting  the   results   from  the  measurements  here  given. 

The  two  illuminations  used  were  250  and  10  units,  where  a 
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unit  is  an  illumination  of  i  meter-candle  (0.0929  foot-candle) 
on  a  surface  of  magnesium  oxide,  as  viewed  through  an  artifi- 
cial pupil  of  I  sq.  mm.  (0.00155  sq.  in.)  area.  Owing  to  the 
small  size  of  this  artificial  pupil  the  effective  illumination  is 
much  less  than  10  or  250  meter-candles  as  ordinarily  understood, 
probably  about  one-tenth  as  great.  The  field  size  here  used  is 
given  by  a  circle  16  mm.  (0.63  in.)  in  diameter  at  a  distance  of 
20  cm.  (0.78  in.)  from  the  eye,  therefore  subtending  an  angle 
of  45^°,  approximately  the  size  of  the  yellow  spot  of  the  retina. 

DETAILS   OF    THE    MEASUREMENTS. 

^Measurements  were  made  in  the  following  manner:  The 
spectrometer  was  adjusted  to  give  a  certain  mean  wave-length 
on  the  observing  slit,  the  sector  disc  was  placed  so  that  half 
the  field  was  ''white,"  the  other  colored,  and  six  readings  made; 
the  disc  was  then  set  into  rotation,  the  speed  adjusted  by  varia- 
ble resistance  in  series  with  the  motor,  and  six  flicker  readings 
made.  This  was  done  for  twelve  points  in  the  spectrum,  al- 
ternating on  the  red  and  blue  sides.  The  slit  openings,  speeds, 
etc.,  were  read  by  an  assistant,  except  in  the  case  of  the  two 
observers  H.  E.  I.  and  M.  L.  who  read  their  own  observations. 

The  results  of  the  measurements  are  given  largely  in  the  form 
of  curves  plotting  the  observations  in  certain  combinations  with 
each  other.  The  chief  phenomena  illustrated  are:  (i)  Relative 
sensibility  of  the  equality  of  brightness  and  flicker  methods. 
(2)  Effect  of  changing  illumination  with  each  method.  (3) 
Relative  position  of  luminosity  curves  given  by  each  method  at 
both  illuminations.  (4)  Relative  positions  of  luminosity  curves 
derived  by  all  observers,  with  their  mean  values. 

RELATIVE   SENSIBILITY  OE  THE  EQUALITY  OE  BRIGHTNESS  AND 

FLICKER    METHODS. 

A  measure  of  the  relative  sensibility  of  the  two  methods  is 
obtained  by  taking  the  mean  error  of  setting.  In  Fig.  2  are 
plotted  the  mean  errors  for  each  observer  at  10  illumination 
units  for  various  points  in  the  spectrum,  from  the  deep  red  at 
0.66  fi  to  the  bluish  green  at  0.51  fi  The  mean  flicker  errors 
are  given  by  the  full  line,  the  mean  equality-of-brightness  er- 
rors by  the  dashed  line.  In  Fig.  3  are  given  the  same  quantities 
as  obtained  from  observations  at  250  illumination  units.     Several 
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facts  are  here  brought  out  clearly.  First,  the  flicker  method 
is  for  all  parts  of  the  spectrum  several  times  as  sensitive  as  the 
equality-of-brightness  method,  the  relative  sensibility  differing 
for  different  observers,  but  always  favoring  the  flicker  method. 
Second,  the  difference  in  sensibility  between  the  methods  is 
greater  at  high  illuminations  than  at  low.  At  the  lower  illumi- 
nation the  equality-of-brightness  sensibility  becomes  greater,  the 
flicker  sensibility  less.  Third,  the  sensibility  by  the  flicker  meth- 
od is  less  toward  the  ends  of  the  spectrum,  where  the  difference 
in  hue  between  the  spectrum  color  and  the  standard  lamp  color 
is  greatest. 

It  is  to  be  noted  that  while  all  the  observers  made  readings 
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Figs.  2  and  3. — Errors  of  observers  at  illuminations  of  10  and  250  units. 

by  the  flicker  method  which  compared  very  closely  to  the  ac- 
curacy of  those  made  by  the  two  most  experienced  observers, 
two  of  the  three  by  whom  the  settings  were  made  for  the  first 
time  averaged  five  or  ten  times  the  error  by  the  equality-of- 
brightness  method  as  by  the  other.  This  illustrates  the  great 
superiority  of  the  flicker  method  as  a  method  of  measurement 
with  observers  not  used  to  making  matches  between  lights  of 
widely  different  color. 

Closely  connected  with  the  question  of  sensibility  is  the  ques- 
tion of  reproducibihty  at  different  times.  Entirely  satisfactory 
data  on  this  point  have  not  as  yet  been  obtained,  as  it  has  been 
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found  extremely  difficult  to  separate  changes  in  the  color  of 
the  light  source  from  possible  changes  in  the  luminosity  criteria. 
It  may  be  said,  however,  that  flicker  sensibility  curves  have 
been  obtained  on  several  successive  days  showing  no  changes 
larger  than  the  range  of  error  in  the  measurements,  while  the 
equality-of-brightness  curves  have  shown  marked  changes.  Furth- 
er, since  these  experiments  were  begun  the  equality-of-brightness 
luminosity  curves  obtained  by  the  writer  have  experienced  a 
shifting  over  from  the  blue  side  to  the  red  side  of  the  flicker 
curve,  while  the  changes  occurring  in  the  flicker  curve  are  prob- 
ably no  greater  than  can  be  explained  by  changes  in  the  tungsten 
lamp  used  as  a  source.  A  change  of  similar  nature  but  in  the 
opposite  direction  has  also  occurred  with  the  writer's  assistant, 
Mr.  Luckiesh.  It  may,  therefore,  be  said  with  confidence  that 
the  changes  which  occur  from  time  to  time  in  the  results  given 
by  the  two  methods  are  less  with  the  flicker  than  with  the 
equality  of  brightness  method,  with  the  evidence  in  favor  of  their 
being  very  much  less. 

In  connection  with  the  question  of  sensibility  may  be  given 
the  data  on  the  speeds  used  with  the  flicker  photometer.  As  is 
well  known,  sensibility  varies  with  the  speed,  being  less  at 
high  speeds.  In  fact,  with  high  enough  speed  all  flicker  van- 
ishes, no  matter  what  the  differences  in  illumination  from  the 
two  sources  under  comparison.  In  these  experiments  the  speed 
was  always  adjusted  to  the  lowest  value  at  which  flicker  could 
be  made  to  disappear.  This  was  then  read  by  means  of  an  elec- 
tric tachometer  and  reduced  to  cycles  per  second.  In  Fig.  4 
are  given  the  speeds  as  used  by  the  different  observers  from  end 
to  end  of  the  spectrum  and  for  the  two  illuminations.  The  data 
show  that  much  lower  speed  is  necessary  for  low  illuminations, 
and  that  the  ends  of  the  spectrum  require  higher  speed  than 
the  middle.  These  facts  readily  fit  in  with  knowledge  derived 
from  other  sources  and  with  such  theory  as  we  have  of  the  action 
of  the  flicker  photometer.  The  eye  is  more  sensitive  to  flicker 
at  high  illumination  than  at  low,  hence  the  greater  sensitiveness 
of  the  flicker  method  and  the  higher  speed  necessary  at  high 
illuminations.  In  order  to  compare  lights  of  different  colors  it 
is  necessary  to  attain  such  a  speed  that  the  color  flicker,  due  to 
difference  in  hue,  disappears.     It  is,  therefore,  to  be  expected 
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that  the  ends  of  the  spectrum  where  the  hue  is  most  different 
from  the  comparison  lamp,  a  higher  speed  is  necessary,  and  with 
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Fig.  4. — Frequency  used  by  observers. 


this  higher  speed  goes  decreased  sensibility.  Whether  the  change 
in   sensibility  is   exactly   what  the  change  in   speed  would  oc- 


Fig.  5. — Effect  of  change  in  illumination  on  luminosity. 

casion  or  whether  the  change  in  speed  is  conditioned  by  hue  dif- 
ference alone,  are  points   for  future  study. 

EFFECT    OF    CHANGING    IIvIyUMINATlON    WITH    EACH    METHOD. 

As  to  the  effects  of  changing  illumination  on  the  luminosity 
curves ;  they  may  be  described  very  briefly.  They  are  illustrated 
in  Fig.  5.     With  the  equality-of-brightness  method  there  occurs 
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a  shift  of  the  luminosity  curve  toward  the  blue  end  of  the  spec- 
trum when  the  illumination  is  decreased.  With  the  flicker  meth- 
od the  shift  is  in  the  opposite  direction.  The  shift  by  the  equali- 
ty-of -brightness  method  is  the  well  known  Purkinje  effect.  The 
shift  in  the  opposite  direction  with  the  flicker  method  has  not 
before  been  observed.  It  is  of  interest  to  note  in  this  connec- 
tion that  the  results  obtained  by  changing  the  size  of  the  field 
of  view  are  also  different  for  the  two  methods.  It  appears 
from  the  investigation  now  in  progress  that  a  decrease  in  the 
size  of  the  photometric  field  increases  the  red  sensitiveness  in 
equality-of -brightness  comparisons,  but  decreases  it  with  flicker 
comparisons. 

These  two  effects  are  perhaps  due  to  the  same  cause — a  change 
in  the  relative  number  of  retinal  rods  and  cones  acting — and  bear 
out  the  conclusion  that  the  flicker  method  is  affected  in  opposite 
manner  to  the  equality  of  brightness  method  by  these  changes  of 
the  physiological  conditions.  This  carries  our  knowledge  of  the 
relationship  between  the  two  methods  a  step  beyond  the  conclus- 
ion which  has  been  reached  by  some,  that  the  flicker  method 
merely  responds  less  to  changes  in  illumination  or  field  size. 

re:lativk  position  of  luminosity  curves  given  by  each 
method  at  both  illuminations. 

In  Fig.  6  are  given  the  equality-of-brightness  and  flicker 
luminosity  curves  directly  as  obtained,  showing  their  relative 
positions.  At  the  high  illumination  three  observers  show  the 
flicker  curve  with  its  maximum  on  the  red  side  of  the  equality- 
of-brightness,  one  with  the  maximum  nearly  agreeing  in  posi- 
tion and  one  with  the  maximum  on  the  blue  side  of  the  equali- 
ty-of-brightness curve.  None  of  the  observers  show  exact 
agreement  at  every  point  of  the  two  curves,  but  the  mean  of  all 
observers  shows  the  two  curves  to  have  maxima  very  nearly  at 
the  same  point.  At  the  low  illumination  all  the  flicker  curves 
fall  to  the  red  side  of  the  equality-of-brightness  curve,  as  is  to 
be  expected  in  view  of  the  oppositely  directed  shifts  of  the  two 
with  change  of  illumination. 

The  data  shown  on  this  plate  exhibit  strikingly  the  more 
satisfactorv  nature  of  the  flicker  method,  as  far  as  definiteness  is 
concerned  and  ease  of  making  comparisons  of  this  sort.  While  with 
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the  more  practiced  observers  the  equaHty-of-brightness  curves 
are  comparable  in  smoothness  with  the  flicker  curves,  with  two 
of  the  less  experienced  the  equality  of  brightness  data  are  very 
unsatisfactory  as  curves.  With  one  of  the  observers,  in  fact,  it 
seemed  next  to  impossible  to  form  a  decision  as  to  a  luminosity 
match  between  a  bright  spectrum  color  and  the  unsaturated  color 
of  the  comparison  lamp.  This  difficulty  is  reflected  in  the  er- 
ratic character  of  the  equality-of-brightness  ''curves." 

An  interesting  point  is  that,  in  the  case  of  some  observers,  the 
areas  of  the  two  curves  (flicker  and  equality-of-brightness)  are 
far  from  the  same.  If  the  total  light  is  the  sum  of  the  separate- 
ly measured  parts  it  would  follow  that  the  total  light  is  greater 
by  one  method  than  by  the  other.     If,  now,  the  spectrum  used  i« 


Fig.  6. — Comparison  of  equality  of  brightness  and  flicker  methods  at  two  illuminations. 


of  a  lamp  exactly  like  the  standard  lamp  (used  as  comparison 
source)  it  is  possible  to  recombine  the  dispersed  spectrum  and 
measure  its  total  light  against  the  exactly  similar  light  of  the 
comparison  source.  Under  these  conditions  the  total  lights 
would  measure  the  same  by  the  flicker  as  by  the  equality-of- 
brightness  method.  This  physical  summation  may  agree  with 
one  or  the  other  of  the  quantities  obtained  by  arithmetically  add- 
ing the  luminosities  of  the  component  colors,  but,  in  the  case  of 
the  observers  in  question,  cannot  agree  with  both.  This,  then, 
offers  one  means  of  choosing  between  the  methods,  as  methods 
of  scientific  measurement.  Experiments  on  this  point  are  now  in 
progress. 
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RELATIVE    POSITION   OF    LUMINOSITY    CURVES   DERIVED   BY   ALL 
OBSERVERS   WITH    THEIR    MEAN   VALUES 

In  Figs.  7,  8,  9,  and  lO  are  shown  the  luminosity  curves  of  all 
five  observers  together,  for  high  and  low  illumination  and  both 
methods,  with  their  means.  These  show  that  with  observers  of 
''normal  color  vision,''  that  is,  those  who  have  no  difliculty  in 
making  color  matches  or  distinguishing  colors,  there  exist  con- 
siderable differences  in  the  forms  of  the  luminosity  curves,  both 
flicker   and   equality-of-brightness.     For    instance,   if   it   were   a 
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Figs.  7  and  8. — lyUminosity  curves  for  lo  units  of  illumination. 


question  of  measuring  a  yellow-green  at  0.55  /x  against  a  4-watt 
carbon  lamp,  the  extreme  observers  would  differ  (by  the  flicker 
method  at  high  illumination)  by  15  per  cent.  Perhaps  the  pref- 
erable way  to  express  the  differences  would  be  to  compare  the 
relative  luminosities  of  the  different  spectral  colors,  thus  elimi- 
nating the  question  of  the  character  of  the  comparison  lamp. 
This,  however,  would  involve  the  assumption  that  the  shape  of 
these  curves  is  independent  of  the  color  of  the  comparison  light, 
and  until  this  point  is  investigated,  it  is  safer  to  state  the  results 
as  obtained. 
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Inspection  of  the  curves  shows  that  the  relative  positions  of 
the  observers  are  substantially  the  same  by  both  methods  and  il- 
luminations, therefore  apparently  corresponding-  to  real  differ- 
ences in  color  sensitiveness.  These  differences,  as  shown,  are 
quite  large,  when  pure  colors  are  concerned.  In  the  measure- 
ment of  illuminants  whose  color  is  far  less  saturated  than  the 
colors  of  the  spectrum,  the  differences  between  observers  would 
not  show  so  strikingly.  Nevertheless  is  is  evident  that  one  can 
hardly  expect  any  two  observers  taken  at  random  to  obtain  ex- 
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Figs.  9  and  10. — I,uminosity  curves  for  250  units  of  illumination. 


actly  the  same  results  in  heterochromatic  comparisons  if  such 
differences  in  color  sensitiveness  are  the  rule,  as  there  seems  no 
reason  to  doubt.  Hence  it  becomes  evident  that  no  matter  which 
method  of  photometry  is  used  dependence  must  be  put  upon  the 
average  results  of  numerous  observers  for  the  standard  lumi- 
nosity values  of  differently  colored  illuminants. 

In  Fig.  II  is  given  the  spectral  energy  distribution  of  the 
source  used.  This  was  obtained  by  spectrophotometric  comparison 
of  the  light  as  obtained  through  the  prism,  lenses,  etc.  of  the  in- 
strument used,  with  that  of  the  tungsten  lamp  matched  against  a 
black   body   at   known   temperature    the    distribution   of   energy 
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of  which  was  calculated  from  the  Wien  equation.  In  the  same 
illustration  is  given  the  mean  high  illumination  flicker  curve, 
reduced  to  a  normal  equal  energy  spectrum  by  taking  into  ac- 
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Fig.  II. — Spectral  distribution  of  the  light  source. 

count  the  distribution  of  energy  in  the  source.     It  shows  a  maxi- 
mum of  luminosity  at  0.545  /a. 

SUMMARY    AND    CONCLUSION. 

Spectral  luminosity  curves  obtained  by  several  observers  using 
the  flicker  and  equality-of-brightness  methods  do  not  show  ex- 
act agreement  between  the  two  methods.  With  different  ob- 
servers the  relative  positions  of  the  two  kinds  of  curves  are  differ- 
ent. At  low  illuminations  the  equality-of-brightness  curves 
shift  toward  the  blue,  the  flicker  toward  the  red.  Marked 
differences  in  the  color  sensibility  of  the  five  observers  exist,  as 
shown  by  each  method.  The  flicker  method  possesses  much 
greater  sensibility  than  the  equality-of-brightness  method,  the 
difference  being  greatest  at  high  illuminations. 

The  most  important  fact  shown  by  this  investigation  is  probably 
that  the  flicker  method  and  the  equality-of-brightness  method 
give  nearer  the  same  values  at  high  than  at  low  illuminations. 
This  result  was  thought  probable  before  the  investigation  was 
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undertaken,  from  consideration  of  the  results  of  other  observers. 
There  is  some  reason  for  beheving  the  flicker  photometer  to  act 
chiefly  by  means  of  those  elements  of  the  retina  called  the  cones, 
in  distinction  from  the  rods.  The  cones  are  supposed  to  be  re- 
sponsible for  vision  at  high  illuminations,  the  rods  at  low.  The 
Purkinje  effect  is  ascribed  to  the  shift  from  cone  to  rod  action; 
it  becomes  very  small  at  high  illuminations.  Furthermore,  the 
flicker  photometer  had  been  found  to  show  little  or  no  Purkinje 
effect.  It  therefore  seemed  possible  that  at  high  illuminations, 
using  a  size  of  photometric  field  such  that  the  retinal  area  used 
is  very  largely  cones,  the  two  methods  might  agree. 

In  view  of  the  fact  that  the  observers  in  this  test  placed  the 
high  illumination  flicker  curves  some  one  side  and  some  the 
other  of  the  equality-of-brightness,  it  does  not  seem  unwarranted 
to  expect  that  with  a  large  number  of  observers  a  still  closer 
agreement  between  the  mean  flicker  and  mean  equality-of-bright- 
ness curves  might  be  obtained.  In  addition  it  might  be  re- 
membered that,  as  stated  above,  an  observer's  equality-of-bright- 
ness criterion  is  apt  to  change  from  time  to  time  with  respect  to 
his  flicker  criterion.  In  the  writer's  own  case,  at  one  time  in  the 
course  of  the  investigation  the  cquality-of-brightness  and  flicker 
curves  agreed  exactly  for  the  size  of  field  here  used  and  an 
illumination  slightly  above  this ;  at  another  time  they  agreed 
exactly  at  a  slightly  lower  illumination.  The  uncertainty  as  to 
the  real  position  of  the  equality-of-brightness  points  precludes 
determining  definitely  how  they  do  stand  with  any  one  observer. 
Only  by  taking  numerous  observations  under  such  conditions 
that  the  observer's  memory  of  previous  settings  was  lost  could 
a  true  curve  be  obtained  to  compare  with  the  easily-obtained  and 
definite  flicker  curve.  Therefore  it  may  be  said  that  while  the 
observations  shown  exhibit  clearly  only  the  fact  that  the  two 
curves  approach  each  other  at  high  illuminations,  there  is  strong 
evidence  that  at  the  highest  illumination  here  used  (250  units) 
the  mean  of  numerous  flicker  and  equality-of-brightness  curves 
would  very  nearly  if  not  exactly  coincide. 

This  then  would  be  an  argument  for  choosing  such  an  illumi- 
nation as  the  standard  one  for  making  the  heterochromatic  com- 
parisons necessary  for  the  preparation  of  standards  of  different 
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colors.  For  it  must  be  clearly  borne  in  mind  that  such  compari- 
sons can,  from  the  nature  of  vision,  hold  exactly  for  only  one 
illumination  and  size  of  field.  The  best  solution  to  be  hoped  for 
must  contain  specifications  of  these  two  conditions.  When  the 
stage  has  been  reached  where  one  can  give  a  definite  candle- 
power  rating  to  a  colored  illuminant  for  a  certain  illumination 
the  first  step  will  have  been  made.  The  second  step  will  be  when 
one  can  state  also  what  the  illuminant's  candle-power  will  be  at 
any  other  illumination,  knowing  it  at  the  standard. 

The  much  greater  sensibility  and  ease  of  setting  of  the  flicker 
method  point  to  its  decided  superiority  for  heterochromatic  photo- 
metry. However  it  is  not  the  object  of  this  paper  to  recommend 
the  I'se  of  one  photometer  over  another  nor  is  any  claim  made 
that  the  results  here  given  are  in  any  way  final.  They  constitute 
merely  the  preliminary  steps  in  the  investigation  of  the  whole 
problem.  Several  important  points  must  be  investigated  before 
the  facts  here  lirought  out  can  be  safely  applied  to  practical 
photometry.  Prominent  among  these  lie  the  investigation  of  the 
effect  of  changing  the  color  of  the  comparison  source,  and  of  the 
relative  values  of  the  physical  and  arithmetical  summation  of 
colored  lights. 

The  above  results  show,  however,  as  they  stand  several  facts 
of  scientific  interest  in  the  study  of  light  measurement.  These 
are  expected  to  have  important  bearing  on  the  further  study  of 
the  practical  side  of  the  problem.  They  are  given  for  that  reason 
and,  too,  partly  that  the  Illuminating  Engineering  Society  may 
know  that  this  problem  in  which  it  is  prominently  interested  is 
being  followed  up. 

The  writer's  thanks  are  due  to  Dr.  P.  W.  Cobb,  to  Mr.  F.  E. 
Cady  and  to  Dr.  C.  F.  Lorenz  for  their  kindness  in  making  the 
readings  here  used,  and  especially  to  Mr.  Matt  Luckiesh,  not 
only  for  assistance  in  the  readings  but  for  the  preparation  of  the 
numerous  drawings  necessary  to  illustrate  the  paper. 

DISCUSSION. 

Mr.  S.  W.  Ashe : — About  three  years  ago  at  Columbia  Uni- 
versity, the  speaker  with  others  undertook  an  extensive  investiga- 
tion  involving  among  other  things   the   problem   of   color  pho- 
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tometry.  We  spent  20  hours  a  week  for  one  year  on  the  prob- 
lem. A  considerable  amount  of  work  had  been  done  there  in 
the  past  by  Prof.  Rood,  who  was  the  father  of  the  flicker 
photometer.  The  work  was  conducted  in  cooperation  with  the 
physics  department  and  the  department  of  psychology.  Un- 
fortunately the  experiments  were  not  entirely  completed,  but 
a  great  deal  of  pioneer  work  was  done,  and  much  of  the  in- 
vestigation outlined  has  since  been  completed  by  others.  Many 
of  the  points  that  we  could  not  quite  settle  at  the  time  have  since 
been  investigated.  For  instance,  Mr.  J.  S.  Dow  in  England 
carried  on  considerable  work  along  the  same  lines  and  Mr.  A.  J. 
Sweet  has  also  taken  up  certain  other  phases  bearing  on  the 
acuity  problem.  Mr.  P.  S.  Miller  has  also  taken  up  the  acuity 
end  of  it,  and  now  Dr.  Ives  has  taken  up  the  flicker  photometer. 
There  are  three  methods  of  light  comparison.  One  is  the  acuity 
method;  another  is  the  equality-of-brightness  method,  and  the 
third  is  the  flicker  photometer  method.  Those  who  have  at- 
tempted to  compare  lights  by  the  acuity  method  realize  that  it  is 
not  at  all  satisfactory  for  commercial  practice.  Against  the  di- 
rect comparison  method  for  color  comparisons  is  the  statements 
of  Helmholtz,  who  was  probably  the  greatest  investigator  the 
world  has  ever  known  on  physiological  objects,  who  said  that 
he  placed  absolutely  no  confidence  in  his  ability  to  determine 
equal  luminosity  of  two  different  colors.  On  flicker  work  Dr. 
Rood  probably  did  more  than  most  other  people.  One  of  his 
convincing  tests  was  to  measure  the  individual  intensities  of 
two  lights  of  complementary  color  on  the  flicker  photometer.  He 
then  superimposed  these  lights  over  each  other,  producing  white 
light,  and  the  resultant  intensity  as  measured  on  the  flicker  pho- 
tometer was  equal  to  the  sum  of  the  individual  intensities  of 
the  previous  colors.  No  one  would  want  a  stronger  proof  of 
the  flicker  method. 

Some  of  the  best  work  done  with  the  flicker  photometer  has 
never  been  made  public  and  never  will  be  published,  because 
the  man  who  did  it,  Dr.  Tufts,  was  accidently  killed  before 
the  work  was  completed.  The  conviction  is  growing  more  and 
more  as  a  result  of  various  investigations  that  the  flicker  pho- 
tometer gives  a  better  answer  than  anything  else  to  the  question 
of  the  proper  basis  of  color  photometry.     There  is  one  point. 
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however,  that  has  not  been  decided  as  yet,  and  that  is  what  is 
actually  measured  by  the  flicker  photomieter.  The  fact  that 
a  slightly  different  answer  is  obtained  with  the  same  colored  light 
sources  when  employing  equality-of-brightness  and  the  flicker 
methods  leads  to  the  belief  that  the  phenomena  in  the  two 
cases  are  different. 

Many  extravagant  claims  have  been  made  for  the  flicker 
photometer  and  these  claims  have  given  photometrists  a  wrong 
impression  of  the  instrument.  For  instance,  in  England  use 
was  made  of  color-blind  subjects  and  many  unwise  claims  were 
made;  consequently  there  was  a  certain  amount  of  prejudice  at 
the  beginning  of  our  work  which  ourselves  and  others  have  had 
to  discount. 

Many  things  that  Dr.  Ives  has  mentioned  agree  with  our 
results,  such  as  the  great  sensibility  of  the  instrument  and  the 
luminosity  curves  obtained. 

Mr.  G.  C.  Kecch  : — I  should  like  to  ask  if  any  experiments  have 
ever  been  made  with   sensitive  plates. 

Mr.  F.  J.  Pearson : — About  two  years  ago,  the  speaker  work- 
ing with  others  made  several  determinations  on  arc  lamps, 
by  means  of  the  flicker  photometer,  using  an  incandescent  lamp 
standard.  In  view  of  the  fact  that  there  were  many  variations 
in  our  reading,  I  ask  Dr.  Ives  if  in  using  a  standard  of  low  in- 
tensity such  as  a  i6-c-p.  incandescent  lamp,  a  w^ide  range  of 
variation  readings  is  to  be  expected.  We  failed  to  get  concord- 
ant results  all  through  the  entire  series  of  observations  and  I 
have  always  wondered  why  it  was  that  such  inaccurate  results 
were  obtained  from  the  flicker  photometer  observation  as  checked 
with  those  from  the  Weber  photometer  using  color  screens. 

Mr.  R.  C.  Ware : — What  is  the  effect  of  difference  of  speed 
at  which  the  flickers  rotate?  Will  not  the  balance  be  secured 
at  different  points  as  the  speed  is   raised  or  lowered  ? 

Dr.  Tves : — One  point  to  be  emphasized  in  connection  with 
the  use  of  the  photographic  plate  in  its  calibration.  That  is  to 
say  one  must  know  how  the  eye  estimates  the  brightness  of 
colors  in  order  to  use  anything  else  in  the  place  of  the  eye,  so 
that  the  first  problem  to  be  solved  is  the  one  of  a  method  of 
photometry  of  lights  of  different  colors.  When  this  problem 
has  been  solved  then  it  will  be  time  to  discuss  tising  photographic 
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plates  or  instruments  which  measure  radiation  through  a  certain 
color  screen,  or  the  use  of  colored  glasses  or  of  secondary 
standards  which  will  reduce  the  actual  photometry  to  that  of 
lights  of  the  same  color. 

As  to  the  question  about  the  wide  range  of  readings  obtained 
by  Mr.  Pearson,  I  am  at  a  loss  to  answer,  because  I  do  not 
understand  what  kind  of  range  of  readings  he  obtained ;  whether 
it  was  simply  lack  of  sensibility  or  whether  the  readings  at 
different  times  did  not  correspond.  I  should  expect  a  greater 
definiteness  and  reproducibility  with  the  flicker  photometer.  If 
the  arc  used  was  an  alternating  current  lamp  there  would  be  a 
peculiar  superposition  of  the  flicker  of  the  photometer  with  the 
flicker  of  the  arc. 

In  regard  to  the  difference  in  speed  and  the  effect  on  the 
reading  of  the  flicker  photometer  it  may  be  said  that  there 
is  simply  one  point  at  which  the  flicker  photometer  may  be  used 
for  reading.  If  the  flicker  photometer  is  run  fast  enough,  even 
when  comparing  light  and  darkness,  one  can  set  the  photometer 
anywhere  at  all.  If  it  is  going  about  sixty  cycles  a  second, 
all  flicker  can  be  eliminated.  When  two  lights  are  being  com- 
pared, the  speed  is  much  reduced.  When  it  is  not  reduced 
enough,  there  is  quite  a  space  in  the  center  of  the  photometer  bar 
where  the  photometer  head  may  be  placed  without  flicker  being 
noticeable.  Beyond  that  space,  there  is  flicker;  by  reducing  the 
speed,  the  limits  between  which  the  photometer  shows  no  flicker 
are  reduced  until  a  certain  definite  point  is  reached.  The  question 
of  the  effect  of  difference  of  speed  simply  drops  out,  for  the 
reason  that  one  cannot  have  different  speeds  when  using  the 
flicker  photometer  properly.     There  is  only  one  correct  speed. 

Mr.  P.  S.  MiUar: — Does  Dr.  Ives  advocate  the  use  of  the 
flicker  photometer? 

Dr.  Ives : — I  would  recommend  for  the  comparison  of  lights 
of  different  colors  the  use  of  no  photometer.  In  other  words, 
I  think  it  extremely  important — it  is  essential — that  in  ordinary 
photometry  there  should  never  be  made  a  comparison  of  lights 
of  different  colors.  All  practical  photometry  should  be  reduced 
to  the  photometry  of  lights  of  the  same  color.  Consequently,  the 
question  of  which  photometer  is  to  be  used  for  comparing 
lights  of  different  colors,  becomes  a  question  for  the  standardiz- 
ino-  bboratory,   the   Bureau   of    Standards   the   Reichsanstalt   or 
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the  National  Physical  Laboratory.  I  certainly  do  not  wish  to 
be  understood  as  advocating  the  use  of  any  particular  kind  of 
photometer  in  ordinary  practice.  When  it  comes  to  the  ques- 
tion of  methods  to  be  used  in  standardizing  laboratories,  I  do 
not  think  the  work  has  gone  far  enough  to  warrant  recommend- 
ing one  photometer  over  another.  The  object  of  the  investiga- 
tions reported  is  to  determine  ultimately  what  method  can  be 
used  with  the  greatest  success  in  the  standardizing  laboratory 
for  securing  secondary  standards  or  colored  glasses  or  other 
means  by  which  practical  photometry  may  always  be  the  pho- 
tometry of  lights  of  the  same  color. 

Dr.  C.  H.  Sharp: — Does  Dr.  Ives  want  to  make  the  state- 
ment that  we  ought  to  stop  trying  to  compare  lights  which  differ 
a  little  bit  in  color,  simply  for  the  reason  that  we  cannot  do  it 
so  precisely  as  we  can  lights  of  the  same  color?  His  last  re- 
mark seems  to  imply  that  we  must  stop  trying  tO'  photometer 
arc  lamps,  for  example  because  we  cannot  do  so  as  well  as  we 
can  incandescent  lamps. 

President  Hyde : — I  do  not  want  to  presume  to  answer 
for  Dr.  Ives — let  him  answer  for  himself — but  if  I  un- 
derstood correctly  Dr.  Ives'  view  on  the  subject,  it 
is  this :  There  is  no  reason  why  there  should  not  be 
established  some  standard  methods  for  color  differences,  such 
that  in  the  ordinary  photometry  of  arc  lamps  against  incandescent 
lamps  or  other  lamps  of  different  colors,  there  will  be  no  need 
for  measurement  of  the  extreme  color  differences  which  occur. 
The  establishment  of  a  standard  method  is  a  problem  that  perhaps 
is  up  to  the  Research  Committee  of  the  Illuminating  Engineering 
Society,  (which  has  not  yet  been  appointed),  or  is  one  which 
this  committee  should  take  up  with  the  National  Laboratory. 
The  question  of  standardizing  some  method  by  which  the  color 
differences  can  be  overcome  will  involve  the  photometric  diffi- 
culties to  which  Dr.  Ives  has  referred  in  his  paper. 

Dr.  Ives : — The  President  clearly  expressed  my  position.  T 
think  Dr.  Sharp  entirely  misunderstood  me  on  the  point.  I 
consider  that  the  ideal  towards  which  we  should  aim, — the  goal 
in  heterochromatic  photometry, — is  to  reach  the  point  where  the 
practical  observer  never  has  to  face  the  problem  of  comparing 
two  lights  of  different  colors.  Such  work  should  be  done  for 
him  in  the  standardizing  laboratory. 
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THE  TEMPERATURE  RISE  DUE  TO  THE  ENERGY 

RADIATED  IN  THE  LOWER  HEMISPHERE 

FROM  DIFFERENT  LIGHT  SOURCES.^ 


BY  J.  G.   FElyTON   AND  E.   J.   BRADY. 


The  main  problem  that  confronts  the  designer  of  a  system  of 
illumination  is  the  broad  and  general  one  that  calls  for  the  effi- 
cient production  and  the  proper  distribution  of  a  suitable  light 
flux.  This  forms  a  positive  proposition,  but  it  involves  a  number 
of  negative  questions.  Although  the  latter  are  of  a  minor  nature, 
still  they  may  be  the  deciding  factors  in  the  choice  of  a  method 
of  illumination.  To  illustrate  the  above  point  more  clearly,  one 
might  conceive  of  an  almost  ideal  source  of  illumination  as  far 
as  the  distribution  of  energy  flow  in  the  visible  spectrum  is  con- 
cerned, with  high  efficiency,  absence  of  heat  and  all  the  other 
desirable  features  of  a  light  source,  but  if  this  same  source  gave 
off  waves  that  could  not  be  obstructed,  and  that  were  highly 
mjurious  from  a  physiological  standpoint  it  would  never  emerge 
from  the  experimental  laboratory  and  it  would  be  necessary  to 
use  a  less  efficient  but  more  practicable  source  of  illumination. 
The  case  selected  is  of  course,  an  extreme  one,  but  where  the 
decision  in  favor  of  any  particular  light  source  is  close,  the  con- 
sideration of  some  of  these  negative  questions  may  be  sufficient 
to  throw  the  decision  the  other  way. 

Among  the  factors  that  may  determine  the  choice  of  a  source 
of  illumination  there  is  one  that,  so  far  as  the  authors  of  this 
paper  can  determine,  has  never  been  investigated,  namely,  the 
relative  temperature  rise  due  to  the  "heat"  radiated  downward 
from  commercial  light  sources. 

The  authors  have  recently  done  some  work  along  the  above 
lines,  under  the  direction  of  Mr.  Charles  O.  Bond,  and  believing 
that  the  results  may  be  of  interest  to  the  engineering  profession, 
and  particularly  to  the  illuminating  engineers,  have  arranged 
some  of  the  data  for  presentation  to  the  Illuminating  Engineer- 
ing Society. 

'  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Engineer- 
ing Societj',  Baltimore,  October  24  and  25,  1910. 
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Fig.  I. — General  view  of  tesiing  apparatus. 
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In  general,  illumination  is  what  a  normal  person  perceives 
when  light  is  intercepted  by  matter — the  word  light  meaning  the 
flow  of  radiant  energy  in  a  certain  part  of  the  spectrum.  After 
the  energy  impinges  upon  matter  and  enters  the  eye,  it  leaves  the 
province  of  present  day  physics  and  is  no  longer  measurable  in 
terms  of  energy,  there  being  no  known  physical  relation  between 
illumination  expressed  in  lumens  per  unit  area  and  radiant  energy 


Fig.  2.— Plan  and  section  of  testing  laboratory. 

as  expressed  in  calories.  For  this  reason  the  authors  have,  to  a 
certain  extent,  begged  the  above  question  regarding  the  relative 
temperature  rise  due  to  the  ''heat"  radiated  and  entitled  this 
paper:  ''The  Temperature  Rise  due  to  the  Energy  Radiated  in 
the  Lower  Hemisphere  from  Different  Light  Sources,"  meaning, 
of  course,  the  total  amount  of  radiated  energy  flow  including 
both  light  and  "heat."  There  are  a  number  of  methods  by  which 
the  temperature  rise  due  to  the  total  radiation  may  5e  measured, 
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but  the  one  finally  adopted  by  the  authors  was  by  use   of  the 
bolometer,  an  instrument  similar  in  principle  to  the  one  originally 


devised   by    Professor   Lans^lev   during^   his    researche: 


m 


?olar 


radiation. 

In  view  of  the  fact  that  this  instrument  is  not  ordinarily  used 
for  commercial  testing,  and  that  the  test  here  recorded  is  only 
the  first  of  a  series  of  investigations  where  it  is  hoped  to  estab- 
lish quantitative  relations,  it  is  believed  that  a  detailed  account  of 
it  will  not  be  out  of  place  at  this  time. 

The  sensibility  of  the  bolometer  depends  upon  the  fact  that  an 
increase  in  the  temperature  of  a  metal  also  increases  the  electrical 


% 


L;,|h---!iiJ 


Fig.  3  — Diagram  of  testing  apparatus. 

resistance  of  that  metal.  As  an  extremely  accurate  means  of 
measuring  electrical  resistance  exists  in  the  Wheatstone  Bridge, 
it  is  necessar}-  merely  to  place  in  one  of  its  arms  a  surface  so 
designed  that  a  very  small  change  in  temperature  produces  a 
measurable  change  in  its  electrical  resistance.  The  amount  of  this 
change  in  the  resistance  will  vary  directly  as  the  temperature 
coefficient  and  the  total  resistance  of  the  metal  surface.  The 
temperature  coefficient  of  a  metal  is  defined  as  the  increase  in 
resistance  per  ohm  per  degree  centigrade  rise  in  temperature  and 
is  expressed  by  the  formula: 

R,(i  -«/,) 


R, 


at. 


or  R 


-  R,    -=  R.^(/,  -  /,--) 
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where  Ro — Ri  is  the  increase  in  resistance  due  to  the  rise  in 
temperature  to — tj,  and  a  is  the  temperature  coefficient  of  the 
metal. 

It  is  seen  therefore  that  in  order  to  have  Ro — Rj  measurable 
when  to — ti  is  very  small,  R^  and  a  musi  be  as  large  as  possible. 
For  this  reason  the  surface  that  was  exposed  to  the  radiation 
is  made  of  nickel  wire  having  a  temperature-resistance  coeffi- 
cient of  0.0062  ohms  per  degree  centigrade,  and  a  total  resistance 
of   1,200  ohms. 

There  are  two  other  factors  that  the  above  formula  does  not 
bring  out  and  that  are  very  essential.  In  the  first  place  the  metallic 
surface  upon  which  the  radiation  falls  must  be  as  thin  as  possible. 


3£C  Tion  X  -  Y 


Fig.  4. — I^ongitudinal  and  transverse  sections  of  bolometer. 

Otherwise  it  will  take  considerable  time,  owing  to  its  thermal 
capacity,  for  the  temperature  of  the  surface  to  reach  a  state  of 
equilibrium,  and  the  instrument  as  a  whole  will  have  too  much 
inertia,  this  being  the  principal  objection  to  the  thermopile;  and, 
secondly,  the  surface  should  not  be  in  contact  with  any  substance 
that  is  a  good  conductor  of  heat. 

The  requisite  qualities  were  secured  in  the  instrument  used 
by  the  authors  by  utilizing,  in  the  main,  the  scheme  of  connec- 
tions devised  by  the  makers  of  the  instrument. 

An  instrument  with  one  coil  in  an  arm  of  a  bridge,  as  de- 
scribed, would  be  impracticable  for  obvious  reasons.  In  fact  the 
valuable  part  of  Langley's  invention  consisted  in  bringing  two  of 
these  surfaces  with  exactly  the  same  resistance  very  close  to- 
gether, the  two  being  placed  in  opposite  arms  of  the  bridge.     In 
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this  way  both  surfaces  were  at  the  same  room  temperature,  and 
the  rate  of  change  of  resistance  due  to  changes  in  room  temper- 
ature would  be  the  same  for  each,  and  any  difference  in  tem- 
perature would  be  due  solely  to  the  radiant  energy  falling  upon 
the  exposed  surface. 

The  bolometer  used  by  the  authors  is  shown  in  Fig.  4.  It  is 
made  of  two  spiral  coils  of  single  silk-covered  nickel  wire,  two 
mils  in  diameter.  Each  coil  is  wound  very  close,  the  outside  di- 
ameter being  4.5  cm.  (1.8  in.)  and  it  is  then  pasted  to  a  very  thin 
gauze  stretched  across  the  openings  in  the  bolometer  case.  Across 
the    case    between    the    two    surfaces,    which    are    5   cm.     (2.0 


Figs.  5  and  6.— Upright  mantle  lamp  with  opal  dome. 


in.)  apart,  there  is  a  partition  of  paper  i  cm.  (0.394)  thick  to 
prevent  the  radiation  from  passing  through  and  affecting  the 
unexposed  surface.  Between  each  surface  and  the  opening  in 
the  case  which  is  4.5  cm.  (1.8  in.)  there  is  a  removable  brass 
slide  to  protect  the  surface  when  not  in  use.  The  instrument  is 
painted  black,  both  inside  and  out.  There  is  a  conical  hood 
placed  upon  each  end  to  concentrate  the  rays  upon  the  surfaces. 
The  bolometer  is  mounted  upon  an  arm  capable  of  being  re- 
volved around  the  test  lamp  in  a  vertical  plane,  the  surface  being 
150  cm.  (4.95  ft.)  from  the  test  lamp.  This  distance  was 
kept  constant  for  all  the  lamps.  The  whole  apparatus,  including 
the  bolometer  and  connecting  wires,  with  screens,  and  graduated 
sector,  is  shown  in  Fig.   i. 
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Fig.  3  shows  a  sketch  of  the  bolometer  and  test  lamp  con- 
nections. The  VVheatstone  bridge  connections,  of  which  the 
bolometer  surfaces  form  two  arms,  are  shown  on  the  left.  In  the 
arm  with  the  unexposed  surface  is  placed  only  that  part  of  a 
potentiometer  circuit  that  contains  the  15  five-ohm  coils  and  a 
slide  wire  bridge  of  the  Kohlrausch  type,  having  a  resistance  of 
5.5  ohms. 

When  the  coil  S^  would  change  in  resistance  due  to  the  radia- 
tion, to  preserve  the  balance  of  the  bridge  it  would  be  necessary 
to  slide  the  contact  point  towards  the  Si  arm  and  when  this  new 
balance  would  be  established,  the  increase  in  resistance  of  Sj 
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Figs.  7  and  8.— Upright  mantle  lamp  with  opal  shade. 

would  be  equal  to  twice  the  resistance  passed  over  by  the  con- 
tact point. 

If  the  radiation  was  sufficient  to  necessitate  sliding  the  con- 
tact point  to  the  end  of  the  slide  wire,  the  point  would  be  run 
back  five  turns  and  one  of  the  5-ohm  coils  would  be  inserted. 
At  no  time  was  it  necessary  to  insert  more  than  three  of  the 
5-ohm  coils. 

The  slide  wire  had  2,200  graduations,  and  by  interpolating  to 
one-fifth  of  a  graduation  it  was  possible  to  measure  the  increase 
in  resistance  to  0.0005  ohm.  With  the  bolometer  coils  used,  this 
change  in  resistance  corresponds  to  a  change  in  temperature 
of  less  than  o.oooi  degree  centigrade.  On  the  whole  this  sensi- 
bility was  reduced  one-half,  owing  to  the  relative  insensibility  of 
the  galvanometer  which  was  of  the  D'Arsonval  wall  type.     It  is 
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very  important  that  the  four  wires  leading  to  the  bolometer  coils 
be  twisted  so  that  air  currents  will  affect  all  of  them  equally. 

To  give  one  an  idea  of  the  degree  of  sensibility  of  the  in- 
strument, a  lighted  candle  placed  ten  feet  from  the  surface  would 
cause  the  galvanometer  to  read  ten  or  twelve  divisions.  This  is 
not  very  sensitive,  as  anyone  that  understands  the  possibilities  of 
the  bolometer  will  readily  see,  but  it  proved  to  be  sufficiently 
sensitive  for  our  purpose. 

To  test  the  reliability  of  the  instrument  a  test  was  made  with 
one  of  the  electrical  standards,  beginning  at  o°  and  passing  up 
to  104°,  then  returning  and  reading  the  same  angles,  the  voltage 
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Figs.  9,  9A  and  10.— Upright  mantle  lamp  with  and  without  chimney ;  no  reflector. 

of  the  lamp  being  kept  constant  all  the  while.  The  difference  in 
the  two  readings  were,  on  the  average,  so  small  that  they  could 
be  attributed  to   experimental   error. 

To  determine  the  effect  of  the  radiation  from  the  ceiling  and 
walls,  the  bolometer  was  rotated  through  i8o°  without  any  lamp 
in  position  and  a  series  of  readings  was  made.  To  insure  normal 
conditions  during  this  test  a  lamp  liberating  3,100  B.  t.  u.  per 
hour  was  kept  burning  in  a  sheet-iron  casing  on  the  opposite  side 
of  the  room,  none  of  the  radiation  from  the  casing  reaching  the 
bolometer  surface.  Owing  to  the  screens  on  the  bolometer  arm, 
the  intensity  of  the  radiation  as  received  from  the  wall  should  be 
independent  of  the  distance  and  depend  entirely  upon  the  tem- 
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perature  of  the  wall.  This  test  showed  that  the  radiation  from 
the  ceiling  was  a  little  greater  than  that  from  the  wall  at  the 
height  of  the  bolometer,  but  the  difference  was  so  small  that  it 
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Figs.  II  and  12.— Upright  mantle  lamp  with  opal  globe. 

did  not  justify  correcting  each  heat  ordinate  on  the  curve  shown. 

Two  thermometers,  indicating  to  tenths,  were  read  before  and 

after  each  run,  the  upper  one  being  hung  near  the  roof,  as  shown 
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Fig.  13A.— Inverted  lamp  with  bare  mantle 


in  Fig.  2,  and  the  other  one  being  1.5  m.  (5  ft.)  above  the  floor 
near  the  bolometer  stand,  as  shown  in  Fig.  i.  The  average  of 
these  differences  between  the  upper  and  lower  readings  was  4.67° 
C.     This  difference  is  higher  than  ii:  would  be  with  a  horizontal 
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ceiling,  the  gable  roof  having  a  tendency  to  concentrate  the  heat 
in  the  peak. 

In  Fig.   2  the  arrangement  of  the  bolometer  room  is  shown 
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Figs.  13  and  14.— Inverted  mantle  lamp  with  clear  cylinder  ;  no  reflector. 

drawn  to  scale.  The  North,  South  and  East  walls  are  of  stone, 
45.7  cm.  (18  in.)  thick,  and  on  the  West  there  is  a  lath  and  plaster 
partition.     The  windows  on  both  ends  are  double  glass  with  a 
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Figs.  15  and  16.— Inverted  mantle  lamp  with  half-frosted  cylinder  ;  no  reflector. 

15  cm.  (6  in.)  air  space,  the  inside  one  being  painted  black.  This 
insures  that  there  were  no  downward  convection  currents  near 
the    windows.     Proper   ventilation    was    provided   by    a   blower 
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which  forced  air  into  the  room  at  the  bottom  and  out  at  the  top, 
the  supply  as  shown  by  anemometer  readings  being  at  the  rate 
of  4,280  1  per  min.   (9,066  cu.  ft.  per  hour)   thus  changing  the 
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Figs.  17  and  18.— Inverted  mantle  lamp  with  opal  cylinder  ;    no  reflector. 

air  in  the  room  every  thirty-eight  minutes.  The  inlet  was  so 
placed  that  the  bolometer  and  test  lamp  were  out  of  the  path 
of  any  direct  drafts. 
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Figs.  19  and  20.— Inverted  mantle  lamp  with  half-frosted  cylinder  ; 
clear  prismatic  reflector. 

The  method  of  testing  was  as  follows :  A  lamp  was  put  in 
condition  and  allowed  to  run  for  one-half  hour.  This  insured 
the  lamp  unit  being  thoroughly  warmed  up.       Mixed  gas  at  a 
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constant  pressure  of  two  inches  of  water  was  used  on  all  gas 
lamps.  After  this  heating  up,  the  light  distribution  curve  in 
a  vertical  plane  was  obtained,  during  which  the  consumption  of 


Figs.  21  and  22. — Inverted  mantle  lamp  with  half-frosted  cylinder  ;  green  cone  shade. 

gas  corrected  for  barometer  and  temperature,  were  ascertained. 
A  record  was  also  kept  of  the  hygrometric  condition  of  the  air. 
After  this  the  lamp  was  hung  in  place  in  the  bolometer  room 
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Figs.  23  and  24.— Inverted  mantle  lamps  with  frosted-tip  cylinder  ;  Austrian  opal  globe. 

and  operated  under  exactly  similar  conditions.  Here  the  bol- 
ometer was  rotated  around  it  and  the  **heat"  distribution  curve 
in  the  lower  hemisphere  was  obtained.     The  bolometer  readings 
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started   at   nadir   and    ascended    to   90°,    by   the    ten-equal-zone 
method. 

Before  beginning  the  readings  the  bolometer  was  shielded 
from  all  radiation  and  left  in  the  nadir  position  until  both  sur- 
faces were  at  the  same  temperature,  when  an  equilibrium  read- 
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Figs.  25  and  26. — Tantalum  and  carbon  filament  lamps. 


ing  was  made.  This  reading  was  regarded  as  the  zero  for  that 
particular   run. 

All  of  the  electric  lamps  were  operated  at  no  volts  from  a 
storage  battery  and  treated  similarly  to  the  gas  lamps. 

Some  of  the  results  of  applying  the  above  tests  to  the  differ- 
ent lamps  are  very  interesting.     For  example,  in  Fig.  5,  there  is 
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Figs.  27  and  28. — Bowl  frosted  Tungsten  filament  lamp  without  and  with  prismatic  reflector. 

shown  the  curves  of  the  lamp  illustrated  in  Fig.  6,  which  gives 
99.7  mean  lower  hemispherical  candle-power.  Both  the  temperature 
rise  and  the  candle-power  curves  bear  about  the  same  ratio  to  one 
another  at  all  the  angles  except  zero.  This  is  as  one  might  expect. 
In  Fig.  7  are  given  the  curves  of  the  lamp  shown  in  Fig.  8,  hav- 
ing a  mean  lower  hemispherical  candle-power  of  57.7,  which  is 
similar  in  construction  to  the  lamp  shown  in  Fig.  6,  the  only 
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difference  being  in  the  size  of  the  mantle  and  the  shape  of  the 
shades,  both  being  opal.  Here  the  temperature  rise  curve  has 
the  same  shape  as  before,  except  at  zero,  while  the  light  curve 
varies  greatly  as  shown,  there  being  apparently  no  relation  be- 
tween them.  The  lamp  in  Fig.  6  gives  off  1.73  times  as  much 
light  in  the  lower  hemisphere,  while  the  temperature  rise  on 
the  18°  angle  is  only  1.25  times  as  great  as  the  one  in  Fig.  8, 
there  being  a  smaller  difference  in  their  efficiency  than  one  might 
expect. 

In   Fig.  9a,  are  given  the  curves  of  a  bare  upright  mantle 
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Figs.  29  and  30. — Four  burner  inverted-mantle  cluster  lamp  with  Austrian  opal  globe. 


with  no  chimney  while  Fig.  9  shows  the  effect  of  placing  a  clear 
glass  chimney  on  this  lamp.  The  chimney  increases  the  mean 
lower  hemispherical  candle-power  by  32  per  cent.,  and  decreases 
the  efficiency  in  the  lower  hemisphere  by  10  per  cent.  The  de- 
crease in  efficiency  was  caused  by  the  greatly  increased  con- 
sumption in  the  latter  case,  and  by  the  redistribution  of  the  light, 
part  being  transferred  to  the  upper  hemisphere. 

Fig.  25  shows  the  curves  of  a  40-watt  tantalum  lamp  with  no 
shade,  the  improvement  over  the  plain  carbon,  the  curves  of 
which  are  shown  in  Fig.  26,  being  very  noticeable,  but  the  60- 
watt  tungsten  is  as  much  of  an  improvement  over  the  tantalum 
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as  the  latter  is  over  the  plain  carbon,  as  can  be  seen  by  a  com- 
parison of  the  curves  in  Figs.  25  and  27.  The  curve  of  a  60- 
watt  tungsten  with  a  prismatic  reflector  is  shown  in  Fig.  28.  It 
is  to  be  observed  that  with  all  the  electric  lamps  the  general 
form  of  the  temperature  rise  curve  is  very  similar  to  the  light 
curve,  and  this  relation  exists  even  with  the  prismatic  reflector. 
Such  is  not  the  case,  however,  with  the  gas  lamps  as  can  be 
seen  by  referring  to  the  curves  of  an  upright  mantle  lamp  in 
Fig.  19.  Here  the  variation  of  the  temperature  rise  seems 
to  bear  no  relation  to  the  variation  of  the  light. 

Figs.   13  to  24,  inclusive,  are  the  curves  and  photographs  of 
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Figs.  31  and  32. — Three-burner  inverted  mantle  cluster  lamp  with  ordinary  opal  globe. 


the  inverted  type  of  gas  lamps,  with  various  accessories.  In- 
verted lamps  obviously  radiate  the  most  energy  in  the  lower 
hemisphere,  and  it  is  this  type  of  lamp  that  one  would  expect 
to  be  objectionable;  but  an  examination  of  the  curves  will  show 
that  candle  for  candle,  they  compare  very  favorably  with  the 
upright  lamps,  (Fig.  6),  and  also  with  the  tungsten  lamps,  hav- 
ing a  prismatic  reflector,  (Fig.  28),  as  will  be  seen  by  referring 
to  the  curves  in  Fig.  33,  which  will  be  explained  subsequently. 
This  relation  is  especially  true  of  the  inverted  gas  lamp  with 
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an  Austrian  opal  ball  globe  and  also  the  inverted  lamp  with  a 
green  cone  shade. 

Fig.  13  shows  the  distribution  of  light  and  heat  for  an  in- 
verted mantle  lamp  equipped  with  a  clear  cylinder,  as  shown 
in  Fig.  14.  A  comparison  of  these  curves  with  those  shown  in 
Fig.  13a,  which  are  for  the  same  lamp  except  that  the  mantle 
was  bare,  will  show  the  effect  of  the  opacity  of  the  glass  cyl- 
inder to  certain  radiations  of  long  wave  lengths.  It  will  be  ob- 
served that  the  mean  lower  hemispherical  candle-power  in  the 
two  cases   is  about   the   same,  but  that  the  mean  temperature 
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Fig.  33. — Mantle  gas  lamps. 

(i)  Upright,  with  opal  dome,  (Fig.  5). 

(2)  Invcried,  with  clear  cylinder,  (Fig.  13). 

(3)  Inverted,  with  grecii  cone  shade, 
(Fig.  21). 

(4)  Inveited,  with  Austrian  opal  globe, 
(Fig.  23). 


Fig.  34.— F'ilament  electric  lamps. 

(i)  40— Watt  tantalum,  no  reflector 
(Fig-  25) 

(2)  58 — Walt  carbon,  no  reflector  (Fig  26). 

(3)  60— Watt  tungsten,  no  reflector 
(Fig.  27). 

(4)  60— Walt  tungsten  bowl  frosted 
prismatic  reflector  (Fig.  28). 


rise  in  Fig.  13a  is  83  per  cent,  greater  than  that  in  Fig.  13.  This 
fact  shows  the  desirabiHty  of  using  glassware  over  incandescent 
mantles. 

Fig.  15  shows  the  effect  of  using  a  half-frosted  cylinder  and 
Fig.  17  the  effect  of  an  opal  cylinder.  In  the  former  the  ratio 
of  the  light  to  heat  is  changed  very  little,  as  compared  to  a 
clear  cylinder,  except  at  zero,  where  the  frosted  glass  naturally 
reduces  the  light;  however,  the  opal  cylinder,  due  to  its  diffus- 
ing properties,  reduces  the  light  rays  and  apparently  has  little 
effect  on  the  heat  rays. 
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^^S-  19  gives  the  curves  for  the  prismatic  reflector  equip- 
ment shown  in  Fig.  20,  to  which  reference  will  he  made  later. 
Fig.  21  gives  the  curves  for  the  green  cone  reflector,  shown  in 
Fig.  22.  Here  the  desired  effect  of  a  large  increase  of  light 
over  heat  at  the  nadir  position  is  realized.  The  same  is  true 
in  Fig.  23,  which  are  the  curves  for  the  Austrian  opal  ball  globe 
equipment  shown  in  Fig.  24.  While  such  a  light  distribution  is 
not  ideal,  yet  such  a  relation  of  light  to  total  energy  approaches 
the  ideal  as  far  as  the  consumer  is  concerned. 

In  Fig.  29  are  given  the  curves  of  the  lamp  shown  in  Fig.  30, 
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^'g-  35- — Mantle  gas  lamps. 

(i)  Upright,  with  opal  shade  (Fig.  7). 

(2)  Upright,  with  opal  globe  (Fig.  11). 

(3)  Inverted,  with  half-frosted  cylinder. 
(Fig.  19). 

(4)  Inverted  4-burner  cluster.  (Fig.  29) 


Fig.  36  — Mantle  gas  lamps. 

(i)  Upright,  no  reflector  (Fig.  9). 

(2)  Inverted,  with  opal  cylinder  (Fig.  17) 

(3)  Inverted,  clear  prismatic  reflector 
(Fig.  19). 

(4)  Inverted,  satin  finish  prismatic 
reflector. 

(5)  Inverted  3  burner  cluster  (Fig.  31). 


having  four  burners  and  an  Austrian  opal  globe.  The  uniformi- 
ty of  the  curves  is  noticeable.  This  may  be  compared  with  a 
three-burner  lamp,  with  an  ordinary  opal  globe,  the  curves  of 
which  are  shown  in  Fig.  31,  the  lamp  itself  being  illustrated  in 

Fig.  32. 

The  curves  from  Fig.  5  to  Fig.  31,  inclusive,  show^  the  rela- 
tive temperature  rise  in  the  lower  hemisphere  for  the  different 
lamps  considered,  but  the  mean  lower  hemispherical  candle-pow- 
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er  varies  so  greatly  that  a  direct  comparison  is  rather  difficult. 
If  a  lamp  giving,  say,  50  mean  lower  hemispherical  candle- 
power  placed  above  ones  head  proves  objectionable,  the  question 
that  naturally  arises  is  whether  the  heat  is  due  to  some  defect 
that  is  peculiar  to  the  lamp,  or  is  due  in  whole  or  in  part  to 
the  increased  candle-power.  To  bring  out  this  point  and  to  re- 
duce all  the  light  values  to  a  common  basis,  the  curves  have 
been  plotted  as  shown  in  Fig.  33  to  36,  inclusive.  These  curves 
are  perhaps  the  most  interesting  part  of  the  investigation.     As 
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Fig.  36A.— Mantle  gas  lamps. 

(i)  Upright,  no  reflector  (Fig.  9). 

(2)  Upright,  without  chimney  (Fig.  9A). 

(3)  Inverted,  with  clear  cylinder  (Fig.  13). 

(4)  Inverted,  bare  mantle  (Fig.  13A). 
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l^'ig-  37.— Inverted  tnautle  gas  lamps. 

(i)  Satin  finish  prismatic  reflector. 

(2)  Clear  prismatic  reflector. 

(3)  Satin  finish  prismatic  reflector  with 
Austrian  opal  plate. 


will  be  seen,  they  show  the  values  of  the  ratio  (temperature  rise) 
-:-  (candle-power)  and  are  plotted  for  different  angles  in  the 
lower  hemisphere.  It  is  to  be  observed  that  this  is  purely  a 
fictitious  quantity,  having  no  meaning  from  a  physical  standpoint, 
although  it  very  clearly  represents  the  relation  to  be  brought 
out.  It  not  only  reduces  the  lamps  considered  to  a  common 
basis,  but  it  does  so  on  each  particular  angle  in  the  lower  hem- 
isphere. Fig.  33  gives  the  value  of  this  ratio  for  the  lamps  as 
noted  on  the  curves.  The  upright  gas  lamp  (Fig.  6),  with  the 
opal  dome,  gives  the  lowest  value  at  zero.     This  fact  means  that 
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candle  for  candle  this  lamp  raises  the  temperature  of  a  black 
surface  placed  beneath  it  less  than  any  of  the  other  lamps  in- 
vestigated, not  excepting  the  bare  tungsten  lamp  while  a  com- 
parison with  a  tungsten  lamp  having  a  prismatic  reflector,  shows 
that  the  latters'  temperature  rise  per  candle  exceeds  that  of  the 
upright  gas  lamp  for  a  distance  of  20°  on  each  side  of  the  verti- 
cal. 

The  next  in  order  are  the  two  lamps  shown  in  Fig.  22  and 
Fig.  24.  For  these  lamps  the  value  of  the  ratio  on  the  zero  po- 
sition is  respectively  0.00529  and  0.00527,  being  about  the  same 
as  that  of  the  60-watt  tungsten  lamp,  with  and  without  a  pris- 
matic reflector,  namely,  0.00544  and  0.00532,  respectively.  Plac- 
ing the  prismatic  reflector  on  the  tungsten  lamp  changes  the  ratio 
very  little  at  zero,  although  it  does  change  it  at  the  higher  angles. 
It  is  to  be  observed  when  comparing  the  best  of  the  electric  lamps 
with  the  best  of  the  gas  lamps  that,  with  the  former  the  value 
of  the  ratio  is  least  at  the  horizontal  and  greatest  underneath, 
while  the  reverse  is  true  of  the  gas  lamps,  that  is,  the  ratio 
is  least  beneath  the  lamp  and  greatest  at  the  horizontal.  The 
values  of  the  ratio  for  the  four  gas  lamps  as  shown  in  Fig.  35, 
are  not  to  be  compared  with  those  on  Fig.  33,  but  they  compare 
favorably  with  those  of  the  tantalum  and  plain  carbon  lamps 
shown  on  Fig.  34. 

I^ig-  36  gives  the  ratio  for  a  number  of  gas  lamps  as  shown. 
They  resemble  somewhat  the  electric  lamps  in  that  the  ratio  is 
greatest  underneath  and  least  at  the  horizontal. 

One  of  the  most  notable  results  of  the  test  is  the  effect  of  the 
Austrian  opal  globe  on  the  temperature  rise.  Returning  to  Figs. 
17  and  23,  the  curves  of  the  lamps  shown  in  Figs.  18  and  24, 
respectively  are  shown.  These  two  lamps  are  almost  identical, 
there  being  very  little  difference  in  the  mean  lower  hemispherical 
candle-power,  efficiency,  consumption  or  in  the  liters  of  moisture 
per  cubic  meter,  the  only  difference  being  in  the  globes ;  the  lamp 
of  Fig.  17  has  an  ordinary  opal  cylinder  and  that  of  Fig.  23 
an  Austrian  opal  globe,  and  yet  the  temperature  rise  curve  of 
the  latter  at  zero  is  only  66  per  cent,  of  the  former  on  the  same 
angle.  The  temperature  rise  curve  and  the  light  curve  are  in- 
terchanged at  nearly  all  the  angles.  To  verify  this  result  curves 
were  taken  first  of  an  inverted  gas  mantle  lamp  with  a  clear 
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prismatic  reflector,  then  with  a  satin  finish  prismatic  reflector 
and  finally  with  a  satin  finish  prismatic  reflector  having  an  Aus- 
trian opal  plate  placed  underneath  the  cylinder  (half  frosted). 
The  changes  that  took  place  in  the  value  of  the  ratio  are  shown 
in  Fig.  37.  The  change,  of  course  reduced  the  mean  lower  hem- 
ispherical candle-power  considerably,  but  it  reduced  the  tem- 
perature rise  in  a  much  larger  ratio. 

The  above  is  only  one  of  the  several  very  interesting  facts 
that  the  test  brought  out,  and  the  authors  believe  that  it  opens 
up  a  very  large  field  of  investigation  for  the  manufacturer  of 
lighting  appliances.  Of  course  the  bolometric  methods  of  compar- 
ing the  heat-transmitting  or  heat-absorbing  qualities  of  light- 
ing accessories  is  not  to  be  compared  with  a  spectroscopic  meth- 
od, whereby  the  whole  spectrum  is  analyzed,  but  it  has  certain 
advantages  in  that  it  is  more  simple  and  that  it  sums  up  the  total 
effect  over  the  whole  spectrum  as  received  from  the  light  source. 

DISCUSSION. 

Mr.  W.  A.  Dorey. — Among  the  factors  that  may  determine  the 
choice  of  a  source  of  illumination  is  the  question  of  the  relative 
temperature  rise  due  to  the  "heat"  radiated  downward  from  com- 
mercial light  sources.  However,  nothing  is  said  as  to  whether 
the  authors  think  that  this  is  a  question  that  should  determine 
the  choice  of  an  illuminant.  It  does  not  seem  to  me  that  the 
results  given  would  warrant  anybody  choosing  any  one  of  the 
particular  forms  of  illuminant  on  account  of  the  proportion  of 
radiant  energy  in  the  lower  hemisphere.  Do  the  authors  think 
that  the  results  warrant  such  a  choice? 

Dr.  H.  B.  Ives : — There  is  one  test  which  apparently  has  not 
been  made,  which  I  should  think  would  be  of  extreme  interest, 
that  is,  the  comparison  of  incandescent  lamps  with  clear  bulbs 
and  with  frosted  bulbs.  Looking  at  it  from  the  theoretical 
standpoint,  the  diffusion  which  is  due  to  the  frosting  becomes 
less  the  longer  the  wave  length ;  that  is,  in  the  infra-red,  the 
heat  region,  I  should  expect  less  diffusion,  perhaps  much  less 
than  in  the  visible  region.  It  might  therefore  result  that  the 
most  characteristic  curves  of  this  type  would  be  those  found  in 
comparing  a  clear  bulb  incandescent  lamp  with  a  frosted  bulb 
lamp. 
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Dr.  C.  H.  Sharp : — I  wish  to  express  my  admiration  for  the 
work  accomphshed  by  the  authors.  The  bolometer  is  essentially 
a  particularly  difficult  contrivance  to  use,  and  to  put  it  into  use 
successfully  in  a  piece  of  work  as  the  authors  have  done  is  a 
most  commendable  thing. 

There  are  two  points  to  which  I  should  Hke  to  call  attention 
to.  From  a  conclusion  which  is  derived  in  some  way  unknown 
to  myself,  the  authors  think  that  the  resistance  of  the  bolometer 
arm  should  be  as  large  as  possible.  That  is  a  statement  which 
must  be  accepted  with  very  great  reservation.  The  ratio  of  the 
change  in  resistance  per  degree  of  rise  in  temperature, — in 
other  words,  the  temperature-resistance  coefficient — is  the  most 
important  feature,  and  for  other  reasons,  the  actual  resistance  of 
the  bolometer  arm  should  be  of  convenient  value,  not  too  small 
and  not  too  large,  but  should  not  necessarily  be  as  large  as  pos- 
sible. The  statement  of  the  temperature  coefficient  is  made  in 
terms  of  ohms  per  degree  centigrade,  which  if  it  means  tempera- 
ture coefficient  in  the  ordinary  sense,  indicates  a  very  high  one. 
If  it  means  the  temperature  coefficient  on  a  total  resistance  of 
1,200  ohms,  it  is  very  low. 

I  think  it  is  rather  unusual  fr  a  bolometer  to  have  a  silk 
covered  wire.  In  the  ordinary  form  use  is  made  of  very  thin 
strips  blackened  carefully,  so  that  the  heat  is  dissipated  at  once. 
Moreover,  I  do  not  think  it  is  usually  true  that  the  surface 
should  not  come  in  contact  with  any  substance  that  is  a  good 
conductor  of  heat.  If  a  bolometer  surface  is  in  contact  with  a 
poor  conductor  of  heat  and  is  exposed  to  radiation,  this  sur- 
face will  gradually  become  warm,  the  heat  ''soaking"  in  and 
changing  the  zero  of  the  instrument. 

The  measurements  recorded  probably  take  no  account  of  the 
fact  that,  in  using  gas  lamps,  the  upper  part  of  the  room  and  ceil- 
ing become  heated  by  the  hot  gases  which  rise  and  radiate  heat 
to  the  lower  parts  of  the  room;  whereas,  with  the  electric  lamp, 
the  small  amount  of  heat  produced  causes  this  effect  to  be  con- 
siderably lower.  There  is  no  reason  to  expect  that  a  mantle 
burner  should  of  itself  radiate  very  much  more  heat  than  an 
incandescent  lamp  of  the  same  candle-power,  but  it  gives  off 
more  heat  by  convection,  and  some  of  the  heat  is  returned  tO'  the 


750      TRANSACTIONS  OF   II,I.UMINATING  ENGINEERING   SOCIETY 

lower  part  of  the  room  by  radiation.  This  factor  in  a  practical 
case  cannot  be  lost  sight  of. 

Mr.  Norman  Macbeth: — A  point  of  particular  interest  to  gas 
men  brought  out  in  this  paper  is  that  the  radiant  heat  from  a 
mantle  burner  when  used  without  glass  is  83  per  cent,  greater 
than  when  the  burner  is  equipped  with  glass.  That  is  a  point 
which  should  be  of  particular  value  in  discussing  gasoline  in- 
stallations. This  point  will  also  be  of  interest  to  some  of  our 
electric   friends  who  are  troubled   with  gasoline   competition. 

As  Dr.  Sharp  brought  out,  a  considerable  amount  of  heat  is 
carried  off  by  convection  in  the  air  currents  from  a  gas  lamp. 
Much  depends  of  course  on  the  height  of  the  ceiling  and  the  ven- 
tilation at  the  ceiling  as  to  just  what  the  result  would  be  in  ad- 
ditional radiation  into  the  lower  part  of  the  room. 

The  tests  here  reported  are  very  important.  It  is  especially 
interesting  to  note  the  difference  in  the  radiant  heat  in  the 
lower  hemisphere  with  the  lamp  equipped  with  Austrian  glass. 
That  glass  is  an  especially  good  diffuser  of  light  and  is  con- 
sequently a  very  satisfactory  glass  from  the  illuminating  en- 
gineering standpoint.  The  tests  reported  where  a  small  disc 
of  this  glass  was  placed  in  the  bottom  of  the  cylinder  give  prom- 
ise that  we  may  some  day  have  a  heat-less  gas  lamp. 

It  is  very  easy  to  determine  the  total  amount  of  heat  both 
radiated  and  convected,  given  off  either  by  a  gas  lamp  or  an  in- 
candescent electric  lamp,  from  the  fact  that  there  are  3,410 
B.  t.  u's  per  kw-hour ;  gas  has  at  an  average  of  say  600  B.  t. 
u.'s  per  cubic  foot  with  hard  coal  at  approximately  14,000  B. 
t.  u.'s  per  pound.  The  facts  are  then,  that  for  an  equal  effec- 
tive illumination  there  is  twice  the  total  heat  from  a  gas  lamp 
that  there  is  from  a  carbon  filament  lamp ;  there  is  ten  times 
the  heat  from  an  open  flame  as  from  a  carbon  filament  lamp 
or  five  times  in  the  open  flame  what  there  is  from  the  mantle 
burner.  The  amount  of  heat  liberated  by  the  ordinary  gas  lamp 
consuming  approximately  3.5  cubic  feet  of  gas  per  hour,  is 
equivalent  to  a  cube  of  hard  coal  1.5  inches  square  the  com- 
bustion of  which  is  prolonged  over  one  hour.  One  would  not 
attempt  to  heat  a  room  with  a  small  cube  of  coal  like  that  sus- 
pended six  or  seven  feet  from  the  floor  and  yet  some  say  that 
a  room  can  be  heated  most  wonderfully  with  a  gas  lamp. 
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Mr.  Ward  Harrison : — In  Mr.  Macbeth's  figures  relative  to  the 
carbon  incandescent  lamp  and  the  vertical  gas  mantle  lamps,  I 
believe  the  comparisons  are  based  on  the  horizontal  candle-power 
of  the  gas  lamp  and  on  the  mean  spherical  candle-power  of  the 
carbon  lamp,  and  the  assumption  is  made  that  the  latter  lamp 
is  operating  at  about  four  watts  per  candle,  which  I  do  not 
think  is  the  standard  consumption  of  carbon  lamps  at  the  present 
time. 

Mr.  Brady: — In  regard  to  Dr.  Ives*  question  about  the  effect 
that  frosted  bulbs  might  have  upon  the  shape  of  the  curves,  we 
have  not  had  time  to  apply  this  test  to  a  very  large  variety  of 
lamps,  and  possibly  there  may  be  something  in  his  question.  One 
might  infer  what  the  effect  would  be  from  the  curves  of  the  gas 
lamps   having  half-frosted   cylinders. 

As  to  Dr.  Sharp's  criticism  of  our  use  of  the  words  **as  large 
as  possible,"  in  describing  the  bolometer,  I  agree  with  him;  the 
use  of  those  words  was  rather  unfortunate.  But  as  to  his  ques- 
tion about  having  the  bolometer  in  contact  with  a  conductor  of 
heat,  I  do  not  agree  with  him  on  that  point.  As  a  matter  of 
fact  the  bolometer  should  be  in  a  vacuumi  to  eliminate  the  con- 
ductivity of  the  air. 

There  are  a  number  of  conclusions  that  one  may  come  to  after 
studying  the  curves  in  the  paper.  It  remains  to  be  found  out 
why  the  curves  take  the  particular  shapes  that  they  do;  I  think 
our  attitude  on  this  point  is  expressed  in  the  paper.  It  remains 
for  future  investigation  to  determine  just  why  the  curves  take 
particular  shapes  under  slightly  different  conditions. 

Dr.  W.  W.  Cohlentz  (by  letter)  : — The  radiometric  investiga- 
tion of  the  energy  radiated  from  various  illuminants  is  not  of 
recent  date.  In  connection  with  the  results  reported,  the  investiga- 
tions of  Ivux  (Z.  S.  fur  Beleuchtungszvesen,  1907,  Heft  16  n.  ff) 
and  of  Leimbach  (Zeitschrift  fur  Wiss.  Photo  graphic  8,  p.  333, 
19 10)  are  of  great  interest.  The  very  different  appearance  of  the 
"light"  and  the  "heat"  curves,  as  found  by  the  aforesaid  ex- 
perimenters is  not  so  very  unusual  if  one  considers  the  various 
factors  entering  into  the  measurements.  For  example,  in  the 
bunsen  flame  most  of  the  energy  radiated  is  concentrated  in  a 
large  emission  band  of  CO,  at  4.4  fx.  The  incandescent  mantle, 
contrary  to  our  usual  ideas  of  radiation  from  solids,  emits  but 
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little  infra-red  radiation  as  compared  with  the  amount  of  light 
emitted.  The  combination  of  these  two  radiants,  oxide  mantle 
and  hot  gas,  forms  the  ordinary  gas  light.  Now  glass  is  opaque 
to  the  radiation  of  the  bunsen  flame,  (CO2  band  at  4.4  /x)  hence 
the  part  transmitted  by  an  opal  globe,  (Figs.  13,  31,  etc.,)  or 
a  glass  chimney  is  of  the  same  quality  as  the  '"light"  emitted. 
On  the  other  hand,  when  no  glass  intervenes  between  the  gas 
mantle  and  the  bolometer,  as  appears  to  be  the  case  represented 
in  Figs.  19  and  20,  the  strong  emission  band  of  CO2  is  not  ab- 
sorbed and  hence  impinges  on  the  bolometer  when  exploring 
the  lower  hemisphere.  Consequently  the  bolometer  is  heated  to 
a  higher  temperature  than  it  would  be  if  a  glass  screen  inter- 
vened. Since  the  intensity  of  the  emission  varies  with  the  thick- 
ness of  the  radiating  layer  of  the  hot  gases  while  the  '"light" 
emitted  is  not  related  to  the  thickness  of  the  radiating  layer  of 
the  bunsen  flame,  being  dependent  upon  the  mantle,  the  "heat" 
curve  will  assume  an  entirely  different  form  from  the  "light" 
curve,  as  shown  in  Fig.  19. 

In  the  metal  filament  lamps  most  of  the  radiation  lies  in  the 
spectral  region  where  glass  is  transparent,  and  since  it  is  always 
present  anyway.  It  is  apparent  that  the  "light"  and  the  "heat" 
curves  should  be  very  similar. 
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REPORT  OF  PROGRESS  ON  FLAME  STANDARDS.^ 


BY    E.    B.   ROSA   AND   E).    C.    CRITTENDEN. 


The  most  successful  primary  flame  standards  used  in  photom- 
etry are  the  Hefner  amyl  acetate  lamp  and  the  Harcourt  lo- 
c-p.  pentane  lamp.  The  former  is  especially  favored  in  Ger- 
many, and  is  the  official  standard  recognized  by  the  Physikalisch- 
Technische  Reichsanstalt.  The  latter  is  preferred  in  England, 
and  is  the  official  standard  of  the  London  Gas  Referees  and  the 
National  Physical  Laboratory.  Both  are  used  in  America,  and 
have  been  studied  and  certified  at  the  Bureau  of  Standards,  al- 
though neither  has  been  officially  adopted  by  the  Bureau  as  the 
means  of  fixing  the  unit  of  light.  In  the  agreement  between  the 
national  laboratories  of.  England,  France  and  America,  whereby 
a  common  international  candle  is  now  being  maintained  by  these 
institutions,  the  pentane  lamp  is  stated  to  have  an  intensity  of 
ten  international  candles  under  standard  conditions  of  atmos- 
pheric humidity  and  barometric  pressure  and  the  Hefner  nine- 
tenths  of  an  International  candle,  likewise  under  certain  stand- 
ard conditions  of  atmospheric  humidity  and  pressure,  which  are, 
however,  not  quite  the  same  as  for  the  pentane  lamp.  The  in- 
tercomparisons  which  preceded  and  led  up  to  the  formal  agree- 
ment were  made  by  means  of  incandescent  lamp  standards,  the 
performance  of  which  was  so  admirable  that  they  have  really 
been  employed  as  primary  standards,  and  the  flame  standards 
themselves,  which  logically  should  play  the  part  of  primary 
standards,  to  which  the  electric  standards  should  be  secondary, 
have  been  relegated  to  the  subordinate  position. 

The  use  of  carefully  seasoned  incandescent  lamps  as  pho- 
tometric standards  of  precision  is,  of  course,  not  new.  Profes- 
sor Fleming  of  London  was  one  of  the  first  to  emphasize  their 
value,  and  to  provide  lamps  that  could  safely  be  used  in  prac- 
tice. Two  past-presidents  of  this  society,  Drs.  Sharp  and  Hyde, 
have  contributed  not  a  little  to  extending  their  use  and  their 
usefulness.  At  the  Bureau  of  Standards  such  lamps  have  been 
certified   for  some  years,  and  recently  a  very  careful  study  has 

1  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Kngineer- 
ing  Society,  October  24  and  25,  1910. 
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been  made  of  their  preparation  and  performance.  It  has  been 
shown  that  by  operating  them  at  constant  watts,  their  rehabihty 
as  standards  is  greatly  improved,  and  that  a  group  of  well  se- 
lected carbon-filament  lamps  has  a  remarkably  long  useful  life 
as  standards  when  used  at  4  watts  per  candle,  and  at  constant 
watts.  A  study  is  now  being  made  of  metal-filament  lamps,  to 
see  what  their  possibilities  are  as  standards  of  whiter  color. 

Although  electric  lamps  are  very  satisfactory  as  secondary 
standards,  and  although  as  empirical  primary  standards  they 
may  serve  to  maintain  the  unit  of  light  constant  for  many  years, 
yet  there  is  the  certainty  of  an  appreciable  drift  sooner  or  later 
if  there  is  no  photometric  standard  accurately  reproducible  from 
its  specifications  which  is  capable  of  serving  as  a  reliable  check 
upon  the  electric  standards.  Another  powerful  reason  for  im- 
proving flame  standards  is  their  extensive  use  in  gas  photometry, 
to  which  they  are  better  adapted  than  electric  standards  if  they 
are  sufficiently  convenient  and  reliable.  At  the  suggestion  of 
some  representatives  of  the  gas  industry,  notably  Past-Presi- 
dent Gartley  of  this  Society,  the  Bureau  of  Standards  took  up 
the  study  more  than  a  year  ago  of  some  of  the  more  important 
of  flame  standards.  Of  all  the  photometric  standards  which 
have  been  actually  realized,  and  which  are  capable  of  repro- 
duction from  their  specifications,  the  amyl  acetate  lamp,  pro- 
posed in  1884  by  Hefner  von  Alteneck,  and  the  lO-c-p.  pen- 
tane  lamp,  proposed  in  1898  by  Vernon  Harcourt,  are  the  most 
widely  used,  and  have  been  the  most  investigated. 

TH^   hi:fnER  lamp. 

The  Hefner  lamp  has  had  a  long  and  honorable  career.  Al- 
though it  has  some  serious  defects,  notably  its  small  intensity 
and  reddish  color,  and  requires  much  patience  and  skill  and  many 
observations  to  obtain  accurate  results,  it  nevertheless  has  some 
important  merits.  If  it  had  not,  it  would  not  now  be  contesting 
for  first  place  among  primary  flame  standards,  after  the  world 
has  had  a  quarter  of  a  century  in  which  to  replace  it  by  a  better  one. 

Its  principal  merits  as  a  primary  standard  are  its  simplicity 
of  construction  and  operation,  ease  of  manipulation,  portability, 
durability,  and  when  the  fuel  is  right  and  the  lamps  are  skillfully 
handled,  the  excellent  agreement  of  one  lamp  with  another.  Its 
defects  are  its  small  intensity,  unstable  flame,  reddish  color,  and 
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difficulty  of  setting  the  flame  at  exactly  the  right  height.  For 
either  a  primary  or  a  secondary  standard  these,  it  must  be  admit- 
ted, are  serious   objections. 

The  Reichsanstalt  certifies  Hefner  lamps  as  correct  if  within 
two  per  cent,  of  their  standard.  At  the  Bureau  of  Standards 
there  are  eight  Hefner  lamps,  four  made  by  one  company,  and 
four  by  another,  and  all  fall  within  this  limit.  Indeed,  the  maxi- 
mum departure  of  any  lamp  from  the  mean  of  all  is  scarcely 
more  than  one  per  cent.  However,  a  primary  photometric  stand- 
ard is  not  entirely  satisfactory  so  long  as  appreciable  differences 
exist  among  a  lot  of  lamps  made  to  the  same  specifications. 
Accidental  errors  will,  of  course,  occur  in  the  measurements, 
but  of  these  eight  Hefner  lamps  certain  ones  are  regularly  high 
and  others  regularly  low,  showing  that  the  lamps  are  not  as 
nearly  identical  in  construction  as  they  should  be.  This  re- 
sult is  due  to  two  things.  In  the  first  place,  the  specifications 
are  not  precise  as  they  should  be,  and  in  the  second  place  there 
are  in  some  lamps  slight  departures  from  the  specifications. 
That  the  intensity  of  the  flame  may  always  be  the  same — under 
the  same  atmospheric  conditions — it  is  necessary  (i)  that  the 
fuel  be  uniform,  (2)  that  the  wick  tube  shall  always  be  of  the 
same  material  and  dimensions,  and  (3)  that  the  height  of  flame 
be  constant.  In  comparing  lamps,  the  same  fuel — and  the  same 
kind  of  wick — are  used  in  the  different  lamps,  and  comparisons 
are  made  with  the  same  apparatus  and  practically  in  the  same 
atmosphere,  as  they  are  used  in  succession  by  the  method  of 
substitution.  Hence  the  differences  observed  are  due  (i)  to 
differences  in  flame  height  or  (2)  to  differences  in  the  effect  of 
the  wick  tubes  on  the  size  or  temperature  of  the  flame. 

There  are  two  styles  of  sight  used  on  Hefner  lamps.  The 
earlier  form  has  a  horizontal  plate,  0.2  mm.  (7.87  mils)  thick, 
in  the  center  of  the  sight  tube,  and  the  height  of  the  flame  is 
adjusted  until  sighting  along  this  plate  one  sees  the  tip  of  the 
flame  in  the  correct  position  with  respect  to  the  plate.  In  the 
other  form,  due  to  Kriiss,  the  flame  is  projected  by  a  lens  upon 
a  ground-glass  screen,  and  the  tip  of  the  flame  is  made  to  fall 
on  a  line  across  the  center  of  this  screen.  This  is  the  more 
convenient  and  preferable  form.  The  eye  is  fatigued  by  the 
naked  flame  viewed  through  the  first  form  of  sight,  and  the  ad- 
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justment  cannot  be  made  as  accurately  to  the  plate  as  to  the  line 
on  the  screen  in  the  second  form.  A  slightly  higher  average 
candle-power  is  obtained  for  the  lamps  having  the  Kriiss  sight 
than  for  those  having  the  Hefner  sight.  The  authors  recom- 
mend the  use  of  the  Kriiss  sight  only,  and  for  these  three  sepa- 
rate reasons:  (i)  It  is  less  fatiguing  to  the  eye,  (2)  it  permits 
more  consistent  settings,  (3)  it  makes  possible  a  higher  degree 
of  reproducibility  by  avoiding  whatever  difference  there  may  be 
due  to  using  two  forms  of  sight.  The  flame  gauge  is  satis- 
factory, and  permits  a  very  close  reproducibility  in  the  height 
of  the  wick  tube  with  respect  to  the  sight.  When  it  is  remem- 
bered that  I  mm.  (39.37  mils)  change  in  flame  height  repre- 
sents two  per  cent,  change  in  flame  intensity,  and  hence  the  al- 
lowable error  is  only  a  few  tenths  of  a  millimeter  in  the  posi- 
tion of  the  nearly  non-luminous  tip  of  the  flame,  it  is  seen  that 
this  adjustment  is  one  which  requires  great  care  and  exper- 
ience, and  an  optical  device  for  a  sight  that  is  accurately  re- 
producible. Unfortunately,  this  setting  at  best  is  not  wholly 
free  from  personal  equation. 

The  wick  tube  affects  the  flame  in  several  ways.  The  bore 
should  be  8  millimeters  exactly,  and  this  determines  to  some 
extent  the  size  of  the  flame.  This  dimension  is  very  accurately 
met  in  all  the  lamps.  The  thickness  of  the  tube  is  specified 
to  be  from  0.14  to  0.17  mm.  The  wick  tube  conducts  heat  down 
to  the  liquid  amyl  acetate  which  saturates  the  wick,  the  top  of 
which  is  from  i  to  3  mm.  below  the  top  of  the  tube.  The 
thicker  the  tube  the  more  readily  is  the  heat  conducted,  and  the 
more  readily  is  the  amyl  acetate  evaporated.  Hence,  with  the 
thicker  tube  the  top  of  the  wick  must  be  higher  in  the  tube  to  keep 
the  flame  height  constant.  Also,  the  thicker-walled  tube  cools 
the  flame  more,  and  therefore  reduces  its  candle-power  more. 
Hence,  the  wick  tube  should  be  very  accurately  specified  to 
insure  reproducibility.  A  departure  of  one  or  two-hundredths 
of  a  millimeter  from  the  mean  in  the  thickness  of  the  wall 
of  the  wick  tube  seems  negligible,  but  its  effect  is  not  negligible. 
To  insure  strict  reproducibility,  the  weight  of  the  tube  should 
be  specified  in  addition  to  its  bore  and  its  length ;  the  com- 
position of  the  German  silver,  of  which  the  tube  is  made,  ought 
also  to  be  specified,  to  insure  uniform  results. 
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The  authors  are  still  engaged  in  their  studies  of  the  effects 
of  slight  variations  in  the  dimensions  of  the  Hefner  lamp,  and 
have  reason  to  believe  that  if  the  specifications  are  drawn  closer 
and  the  construction  is  as  exact  as  it  may  be,  a  considerable  im- 
provement in  the  reproducibility  will  result.  However,  the  lamp 
alone  is  not  a  standard.  The  photometric  standard  is  realized 
only  when  a  certain  specified  fuel  is  burned  in  the  lamp  in  a 
certain  specified  atmosphere  in  a  certain  specified  way.  The 
fuel,  amyl  acetate  (CjHj^fi^)  is  readily  obtained  pure  enough 
to  satisfy  the  specifications.  The  authors  have  used  amyl  acetate 
bought  from  a  reputable  chemical  firm  which  was  guaranteed 
by  them  to  be  pure,  which  did  not  conform  to  the  specifications, 
and  which  gave  a  flame  of  different  intensity  from  amyl  acetate 
fulfilling  the  specifications.  Hence,  the  only  safe  way  in  precise 
work  is  to  test  the  fuel  before  using  it,  or  purchase  only  amyl 
acetate  that  has  been  tested  with  reference  to  its  use  in  the  Hef- 
ner lamp. 

The  atmosphere  affects  the  intensity  of  the  flame  very  mark- 
edly. Oxygen  is  supplied  by  the  atmospheric  air  drawn  into 
the  flame.  With  the  oxygen  go  nitrogen,  carbon  dioxide  and 
water-vapor,  which  are  not  needed  for  combustion,  and  which 
cool  the  flame  and  reduce  its  intensity.  If  the  atmospheric  air 
supplied  to  the  flame  varies  in  its  composition,  the  rate  of  com- 
bustion is  altered  and  the  cooling  effect  of  the  inert  gases  va- 
ries. Hence,  it  is  stipulated  that  the  room  in  which  the  lamp 
is  burned  must  be  well  ventilated  to  secure  an  atmosphere  of 
uniform  composition  with  respect  to  the  proportions  of  oxygen, 
nitrogen  and  carbon  dioxide.  The  water-vapor  must  be  care- 
fully determined,  and  the  barometric  pressure  recorded  and  suit- 
able corrections  applied.  If  the  ventilation  is  insufficient  there 
is  an  excess  of  carbon  dioxide,  and  a  deficiency  of  oxygen.  A 
deficiency  of  oxygen  requires  a  larger  amount  of  air  to  supply 
the  needed  oxygen;  hence,  a  deficiency  of  oxygen  is  equivalent 
to  an  excess  of  nitrogen,  and  the  flame  is  very  sensitive  to  slight 
variations  of  that  kind.  Fortunately,  the  humidity  can  be  very 
accurately  measured,  using  an  Assman  ventilated  hygrometer; 
neither  a  hair  hygrometer  nor  an  unventilated  wet-and-dry  bulb 
hygrometer  is  satisfactory.  The  humidity  correction  has  been 
carefully  determined  for  the  Hefner  lamp  at  the  Reichsanstalt, 
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and  also  recently  at  the  Bureau  of  Standards.  The  author's  re- 
sult, based  on  many  determinations,  is  in  close  agreement  with 
that  of  Liebenthal,  who  first  determined  at  the  Reichsanstalt 
this  important  correction.  The  correction  is  linear,  from  the 
lowest  to  the  highest  humidities  observed,  and  is  about  0.56  per 
cent,  per  liter  of  water  vapor  per  cubic  meter  of  air.  It  is 
therefore  a  very  important  correction,  and  may  amount  to  from 
— 3  per  cent,  in  dry  weather  to  +10  per  cent,  in  warm,  damp 
weather  the  lamps  giving  higher  candle-power  in  dry  weather. 
It  is  practicable  to  obtain  sufficiently  good  continuous  ventilation 
to  make  the  error  due  tO'  variation  in  the  oxygen  and 
carbon  dioxide  content  negligible.  The  authors  much  prefer 
continuous  ventilation,  rather  than  to  depend  upon  opening 
the  windows  occasionally  and  working  betv/een  ventilations. 

The  flame  height  specified  in  the  Hefner  lamp  is  40  mm.  (1.57 
in.),  at  which  height  it  gives  nine-tenths  of  an  International 
candle.  An  extended  study  has  been  made  of  the  amy!  ace- 
tate lamps  when  burning  at  a  flame  height  of  45  mm.,  at  which 
height  they  give  one  International  candle;  at  least  those  with 
Kriiss  sights  give  on  an  average  one  International  candle.  Tak- 
ing the  mean  of  all,  the  height  should  be  about  45.25  mm.  It 
is  believed,  however,  that  when  the  wick  tube  is  more  accurate- 
ly specified,  and  the  Kriiss  sights  alone  are  employed,  a  flame 
height  of  45.0  mm.  will  give  very  accurately  one  International 
candle.  There  is  no  appreciable  temperature-light  coefficient 
to  the  Hefner  lamp  between  the  limits  of  temperature  that  are 
commonly  employed.  It  is,  however,  steadier,  at  from  15°  to 
20°  C.  than  at  higher  temperatures.  Hence  for  work  of  high- 
est precision,  a  comparatively  narrow  range  of  temperature 
might  well  be  specified. 

As  a  standard  for  comparison  the  authors  use  a  carbon-fila- 
ment lamp  operated  at  about  9  watts  per  candle,  which  gives  a 
color  match  with  the  Hefner.  In  passing  from  this  color  to 
that  of  some  other  standard,  there  is,  of  course,  the  uncertainty 
due  to  the  color  difference,  over  and  above  the  errors  due  to 
the  comparisons  of  lamps  of  different  intensities.  That  is,  how- 
ever, a  question  which  need  not  be  entered  upon  here. 

In  Table  i  is  given  a  summary  of  results  obtained  on  eight 
Hefner  lamps,  two  of  which,  however,  are  new  lamps  and  have 
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been  compared  only  a  few  times„  Of  the  remaining  six,  three 
have  the  Hefner  sights  and  three  the  Kriiss  sights.  In  the  first 
part  of  the  table  the  results  are  given  for  a  flame  height  of  40 
mm,,  and  in  the  second  for  45  mm.  In  the  second  column  is 
given  the  number  of  measurements  made  on  each  lamp,  a 
"measurement"  being  the  value  found  on  a  given  occasion  as 
the  mean  of  20  or  more  separate  settings  on  the  photometer, 
and  two  to  five  new  adjustments  of  the  flame.  More  than  half 
of  the  measurements  were  made  by  Mr.  Crittenden  and  Mr. 
Taylor,  while  the  others  were  made  by  various  persons  of  less 
experience  with  flame  standards.  For  comparison,  the  results 
obtained  by  the  more  experienced  observers  are  given  separately. 

The  mean  value  of  the  first  three  lamps  at  40  mm.  flame 
height  (to  three  decimal  places)  is  0.896,  and  of  the  second 
three  0.903 ;  the  mean  of  the  six  being  0.8995  International 
candles.  This  is  very  near,  indeed,  to  the  value  0.900  Interna- 
tional candles,  assigned  to  the  Hefner  lamp  in  the  international 
agreement   of    1909. 

The  mean  value  of  the  first  three  lamps  at  45  mm.  flame 
height  is  0.992,  and  of  the  second  group  of  three  is  i.ooo,  the 
mean  of  all  being  0.996  International  candles.  This  is  very 
near,  indeed,  to  one  International  candle.  As  the  different  lamps 
vary  in  candle-power  on  account  of  slight  differences  in  their 
dimensions,  the  agreement  between  lamps  can  be  improved,  and 
when  the  closer  specifications  are  drawn  they  should  be  so 
fixed  as  to  make  the  candle-power  at  45  mm.  as  near  as  possible 
to  one  International  candle. 

The  average  difference  of  the  separate  measurements  from 
the  mean  of  all,  for  each  lamp,  is  given  in  the  last  columns  of 
the  table,  for  the  measurements  of  the  more  experienced  ob- 
servers only.  They  average  0.64  and  0.49  per  cent.,  respec- 
tively, for  the  two  groups  of  lamps  at  40  mm.,  or  0.56  per  cent, 
for  all.  At  45  mm.  the  average  is  0.74  and  0.61  per  cent.,  re- 
spectively. That  is  to  say,  a  single  "measurement"  is  in  error 
on  the  average  a  little  more  than  one-half  per  cent.  In  the 
case  of  lamp  No.  1,343  at  40  mm.,  the  21  measurements  were 
divided  into  three  groups  of  seven  each.  Calling  the  mean  of 
each  group  of  seven  measurements  a  determination,  we  find 
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Difference 
Int.  candles  from  mean 

First  determination 0.8997  0.0021 

Second  determination 0.9017  o.oooi 

Third  determination 0.9049  0.0031 

Mean 0.9018        Average      0.0018 

Thus,  each  determination  differs  from  the  mean  of  the  three 
by  two  parts  in  a  thousand.  If  the  lamp  should  continue  to  do 
as  well,  and  other  lamps  could  be  made  to  agree  with  it  ac- 
curately, this  would  be  a  very  good  performance  for  a  primary 
standard.  No  reason  is  known  why  the  lamp  should  not  con- 
tinue to  do  as  well,  nor  why  different  lamps  may  not  be  made  to 
agree  much  better  than  heretofore.  Since  the  chief  differences 
in  the  lamps  are  believed  to  be  due  to  the  wick  tubes,  it  is 
mainly  a  matter  of  careful  construction  and  painstaking  inspec- 
tion, wherein  all  tubes  not  conforming  to  strict  specifications, 
are  rejected.  Then,  if  each  lamp  has  three  or  more  tubes,  all 
of  which  are  used  in  succession,  and  the  mean  of  the  results 
taken,  the  accidental  unavoidable  errors  in  the  tubes  will  be 
largely  eliminated.  If  the  Hefner  lamp  were  to  be  adopted  as 
a  primary  photometric  standard,  it  would  be  advisable  to  specify 
further  that  the  mean  value  of  at  least  three  lamps,  each  sup- 
plied with  three  tubes  (at  least  lO  determinations  being  made  with 
each  tube),  be  taken  as  the  value  of  the  unit. 

In  the  above  table,  the  lamp  in  each  group  that  has  the  low- 
est candle-power  has  the  thickest  (and  heaviest)  wick  tube. 
Both  are  from  the  same  maker.  Of  the  remaining  lamps,  there 
are  two  in  which  the  differences  in  candle-power  are  not  ex- 
plained by  the  differences  in  the  thickness  of  the  tube.  Pos- 
sibly there  is  a  slight  difference  in  the  optical  sights.  This  re- 
mains  to  be  investigated. 

The  results  shown  above  are  much  better  than  have  been  ob- 
tained heretofore  at  the  Bureau,  and  illustrate  what  can  be 
done  by  experienced  observers  working  under  the  most  favora- 
ble conditions.  As  a  working  standard  under  ordinary  con- 
ditions, much  greater  errors  would,  of  course,  be  found. 

The  authors  will  continue  the  studies  of  the  amyl  acetate  lamp, 
and    report  the   results   in   full   detail   at   a  later  time. 
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THE    PENTANE    IvAMP. 

The  Harcourt  pentane  lamp  presents  a  striking  contrast  to 
the  Hefner.  It  is  bulky,  relatively  complicated  in  construction, 
less  portable,  and  less  convenient  in  manipulation,  more  expen- 
sive in  first  cost  and  in  fuel,  and  requires  much  better  ventila- 
tion and  a  larger  photometer  room.  On  the  other  hand,  its 
higher  candle-power,  steadier  flame  and  better  color  are  very 
great  advantages.  As  to  reproducibility,  a  given  pentane  lamp 
is  more  accurately  reproducible  than  a  Hefner  lamp,  when  both 
are  operated  under  correct  conditions,  but  there  is  a  greater  differ- 
ence among  different  pentane  lamps  than  among  different  Hef- 
ners. 

No  wick  is  used  in  the  pentane  lamp.  The  fuel  (pentane, 
C5H10)  is  contained  in  an  elevated  reservoir  or  saturator.      i\ir 

enters  the  inlet  and  mixes  with  the  vapor  of  pentane  as  it  passes 
over  the  liquid  pentane  through  the  maze  into  which  the  sat- 
urator is  divided  by  vertical  vanes,  and  this  mixture  flows  down 
the  supply  pipe  to  the  burner.  In  hot  weather  the  pentane  may 
evaporate  so  rapidly  as  to  flow  out  through  the  inlet,  and  thus 
prevent  the  air  from  entering.  In  this  case,  only  pentane  vapor 
is  fed  to  the  flame.  Air,  heated  by  passing  through  the  annu- 
lar space  between  the  inner  and  outer  chimney,  flows  down 
through  the  hollow  standard,  and  into  the  central  chamber  be- 
low the  burner.  Thus  the  flame  resulting  from  the  combustion 
of  the  vapor  of  pentane  as  it  issues  from  the  ring  of  30  holes  in 
the  steatite  burner  is  fed  with  preheated  air  within  the  flame, 
while  it  takes  atmospheric  air  directly  through  its  outer  sur- 
face. The  height  of  flame  is  determined  by  the  distance  be- 
tween the  burner  and  the  chimney,  which  is  adjusted  to  be  47 
mm.,  and  by  the  rate  of  supply  of  the  fuel.  The  latter  is  regu- 
lated by  a  stop-cock.  The  tip  of  the  flame  is  viewed  through 
a  mica  window  in  the  lower  end  of  the  inner  chimney,  and  must 
be  watched  and  frequently  regulated  in  work  of  the  highest  pre- 
cision. When  the  flame  is  right,  its  candle-power  is  a  maxi- 
mum. As  with  the  Hefner  the  intensity  of  the  flame  depends 
upon  the  dimensions  of  the  lamp,  the  composition  of  the  fuel, 
the  atmosphere  in  which  it  is  burned,  and  the  manipulation  of 
the  lamp,  especially  as  regards  regulating  the  flame  height  and 
screening  the  flame. 
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The  specifications  of  the  standard  pentane  lamp  were  care- 
fully drawn,  and  have  been  closely  followed  by  the  several 
makers  of  the  lamps,  with,  however,  some  variations  in  the 
American  lamps.  But  that  the  specifications  are  not  sufficient- 
ly exact  and  complete  is  shown  by  the  fact  that  different  lamps 
differ  in  candle-power  appreciably.  That  is,  different  pentane 
lamps  burning  the  same  fuel,  in  the  same  atmosphere  and  oper- 
ated by  the  same  people,  differ  by  as  much  as  two  or  three  per 
cent.,  quite  independently  of  the  errors  of  observation.  It  is  not 
possible,  therefore,  to  take  the  light  of  a  pentane  lamp  as  lO 
International  candles  under  the  stated  standard  conditions.  It 
may  in  any  particular  case  be  only  9.6  or  9.8  candles  at  stand- 
ard humidity  and  barometric  pressure,  even  when  the  fuel  and 
all  external  conditions  are  right. 

The  total  intensity  of  the  light  of  the  flame  depends,  of  course, 
on  its  dimensions,  and  this  is  affected  by  the  size  of  the  burner. 
The  specifications  say  that  there  shall  be  30  holes  (from  1.25 
to  1.5  mm.  in  diameter)  drilled  in  a  circle  in  the  steatite  burner, 
the  outside  and  inside  diameter  of  which  are  24  mm.  and  14 
mm.,  respectively.  But  the  precise  diameter  of  the  ring  of 
holes  is  not  specified,  and  this  is  found  to  vary  in  different 
burners.     A  stricter  specification  here  is  desirable. 

It  is  well  known  that  a  pentane  lamp  increases  in  candle-power 
for  a  time  after  lighting  up,  and  that  one  should  wait  from  15 
to  30  minutes  before  taking  measurements.  The  authors  know 
of  no  careful  measurements  that  have  been  published  to  show 
how  or  when  the  light  reaches  its  stationary  value.  In  Fig.  i 
are  given  four  curves  taken  during  the  heating  up  period  of  the 
lamp,  showing  that  the  light  increases  to  a  maximum  and  then 
decreases  to  its  steady  value.  This  maximum  is  from  1.5  to  3.0 
per  cent,  above  the  final  value,  which  is  reached  in  from  15  to  30 
minutes.  The  first  two  curves  are  for  English  lamps,  which 
reach  a  steady  condition  in  half  the  time  required  by  the  Ameri- 
can lamps.  The  reason  for  this  difference  is  now  being  investi- 
gated. 

The  length  of  the  chimney  is  a  very  important  dimension,  and 
there  is  little  variation  among  lamps  in  this  particular.  The 
cooling  of  the  flame,  due  to  conduction  of  heat,  varies  with  the 
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amount  of  metal  in  the  lamp  and  with  the  details  of  construction. 
Possibly  the  lower  candle-power  of  the  American-made  lamps 
is  due  in  part  to  their  more  massive  construction.  This 
is  a  point  in  which  the  specifications  might  be  more  explicit. 
Further  experiments  on  the  cause  of  variations,  due  to  varying 
details  of  construction,  are  in  progress  at  the  Bureau,  and  the 
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hope  is  to  be  able  to  locate  the  observed  differences  in  different 
lamps.  Although  many  lamps,  both  English  and  American  make 
have  been  tested,  not  one  has  been  found  that  has  as  high  a 
candle-power  as  the  standard  pentane  lamp  of  the  National 
Physical  Laboratory,  9.9  candles  being  the  highest  value  found. 
Their  standard  lamp  seems  to  be  appreciably  above  the  average, 
and  the  English     maker  of  their  lamp,  from  whom  the  Bureau 
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purchased  two  lamps,  was  unable  to  duplicate  it  exactly  as  to 
candle-power. 

One  of  the  most  difficult  features  of  the  use  of  pentane  lamps 
is  the  fuel.  In  addition  to  the  inconvenience  of  pentane  being 
very  volatile  and  explosive,  its  composition  is  variable,  and  as 
sometimes  supplied,  does  not  conform  to  specifications.  It  is 
distilled  from  gasoline,  its  composition  being  made  nearly  uni- 
form by  repeated  distillation.  Besides  the  great  difficulty  in 
separating  all  the  butanes  (C^H^q)  and  all  the  hexanes  (CgH^^), 
pentane  itself  (C5H12)  exists  in  three  separate  forms,  which  have 
different  boiling  points.  Hence,  if  pentane  which  complies  strictly 
with  the  specifications  be  distilled  it  may  be  separated  into  three 
portions  of  appreciably  different  boiling  points.  This  fractionation 
goes  on  in  the  saturator,  and  the  photogenic  value  of  the  pentane 
changes  to  an  appreciable  extent  in  two  or  three  hours.  The 
official  specifications  of  the  London  Gas  Referees  direct  that  the 
residual  pentane  be  emptied  out  of  the  saturator  at  least  once  in 
each  calendar  month.  For  work  of  the  highest  precision  the 
authors  find  that  it  is  desirable  to  do  this  every  time  the  lamp 
is  refilled,  and  that  this  refilling  be  done  very  frequently,  not 
waiting  until  the  pentane  is  nearly  exhausted.  Mr.  McBride, 
of  the  Bureau  of  Standards,  has  made  a  very  thorough  study  of 
the  preparation  and  testing  of  pentane,  and  has  analyzed  the 
pentane  before  it  was  used  by  the  authors.  He  has  also  tested 
the  amyl  acetate  used. 

The  humidity  correction  for  the  pentane  lamp  as  determined 
by  Mr,  C.  C.  Paterson^  of  the  National  Physical  Laboratory 
is  larger  than  that  found  by  Liebenthal,  and  by  the  authors,  for 
the  Hefner  lamp,  being  0.66  per  cent,  per  liter  of  water  vapor 
per  cubic  meter  of  air.  This  determination  was  published  in 
1904,  and  it  has  been  adopted  generally  as  the  proper  correction 
coefficient  to  be  used  with  the  pentane  lamp.  In  1906  Dow^ 
derived  0.71  per  cent.,  but  being  obtained  from  a  smaller  number 
of  measurements  it  has  been  regarded  only  as  a  confirmation  of 
Paterson's  value.  In  the  earlier  works  at  the  Bureau  of  Standards 
use  was  made  of  Paterson's  coefficient  in  correcting  for  atmos- 
pheric humidity,  but  it  was  noticed  that  the  corrected  results  so 

1  Electrician  (lyOndon),  vol.  53.  p.  751.  1904. 

-  Electrical  Review  (I^ondon).  vol.  ^g.  p.  496,  1906. 
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obtained  gave  the  lamps  a  higher  value  when  the  humidity  was 
high  and  a  lower  value  when  the  humidity  was  low ;  that  is,  the 
correction  for  humidity  was  too  great.  At  first  this  result  was 
attributed  to  errors  of  observation  and  lack  of  reproducibility  of 
the  pentane  lamps,  but  as  the  work  progressed  and  better  results 
were  obtained  it  became  evident  that  this  explanation  would  not 
hold.  The  calculated  humidity  coefficient  from  a  large  number 
of  measurements  by  the  method  of  least  squares  gave  about  0.57 
per  cent,  instead  of  0.66  per  cent.  Using  this  lower  coefficient 
excellent  agreement  has  been  obtained  in  the  results  in  winter  and 
summer,  and  in  damp  weather  and  dry.  This  coefficient  has 
been  separately  computed  for  different  lamps,  both  of  English 
and  American  make,  and  all  give  the  same  value.  Moreover, 
the  same  coefficient  is  obtained  using  only  the  low  range  of 
humidities  (4  to  14  liters  per  cubic  meter),  or  using  only  the 
high  range  (14  to  27  liters  per  cubic  meter)  as  when  the  total 
range  is  used.  In  other  words,  the  humidity  coefficient  is  linear 
from  the  lozvest  to  the  highest  htimidities  encountered,  and  is 
practically  the  same  for  pentane  and  for  the  aniyl  acetate  lamp. 
This  is  a  very  gratifying  result,  and  puts  the  pentane  and  Hefner 
lamps  in  a  more  favorable  position  as  flame  standards. 

Having  become  convinced  that  the  smaller  humidity  coeffi- 
cient was  correct,  at  least  for  the  conditions  encountered  by  the 
anthors,  an  attempt  was  made  to  ascertain  why  the  value  found 
in  England  was  so  much  higher.  Mr.  Paterson's  work  on  the 
pentane  lamp  is  of  a  high  order,  and  great  confidence  was  placed 
in  the  precision  of  his  measurements.  It  was  recalled,  however, 
that  formerly  atmospheric  humidities  had  been  measured  at  the 
National  Laboratory  (as  generally  in  England)  by  the  ordinary 
wet-and-dry  bulb  thermometers,  without  any  artificial  ventila- 
tion, whereas  at  the  Bureau  of  Standards  use  had  always  been 
made  of  the  more  accurate  hygrometer  of  Assmann,  ventilated 
by  a  rapid  current  of  air,  and  which  therefore  gives  a  greater 
depression  of  the  wet  bulb,  particularly  at  low  humidities.  The 
unventilated  hygrometer  gives  fairly  correct  results  if  one  uses 
the  tables  or  formula  appropriate  to  that  instrument,  although 
it  is  less  reliable  owing  to  the  fact  that  the  air  in  the  room  is  not 
always  equally  still.     It  appears,  however,  that  the  formula  used 
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at  the  National  Physical  Laboratory  was  the  formula  for  the 
ventilated  hygrometer,  and  hence  the  values  of  the  humidity  ob- 
tained were  too  high.  The  Bureau  of  Standards  some  years  ago 
called  the  attention  of  the  National  Physical  Laboratory  to  the 
fact  that,  if  the  standard  atmospheric  humidity  be  retained  as  lO 
liters  per  cubic  meter,  and  the  measurements  are  made  by  an 
Assman  hygrometer,  as  the  Bureau  of  Standards  was  doing  and 
as  the  International  Photometric  Commission  at  Zurich  in  1907 
had  recommended  should  be  done  generally,  the  candle-power 
of  the  pentane  lamp  under  standard  conditions  would  be  altered, 
and  if  its  former  value  were  10  candles  it  would  now  be  smaller. 
If,  however,  it  were  still  declared  to  be  10  candles,  the  value  of 
the  unit  would  be  altered.  The  Bureau  suggested  that  the 
change  be  made  in  the  number  expressing  the  standard  atmos- 
pheric humidity,  so  that  the  value  of  the  unit  and  the  numerical 
value  of  the  candle-power  might  remain  unaltered.  This  sugges- 
tion was  adopted,  and  Dr.  Glazebrook  announced  in  a  paper  read 
before  the  British  Association  that  the  true  humidity  previously 
determined  as  10  liters  by  the  unventilated  instrument  was  found 
to  be  8,  so  that  the  correction  formula  was 

Candle-power  :=  10  -f-  0.066  (8  —  e) 

where  e  is  the  number  of  liters  of  water  vapor  in  a  cubic  meter 
of  dry  air.  The  Gas  Referees  of  London,  concurring  in  this 
proposal,  the  official  value  of  the  pentane  lamp  has  since  been 
expressed  by  the  above  equation. 

Dr.  Glazebrook^  stated  also  in  this  paper  that  "a  complete 
series  of  experiments  has  shown  that  the  constant  0.066  in  the 
formula  holds  both  for  the  ventilated  and  unventilated  instru- 
ments." This  means,  of  course,  that  the  constant  is  the  same 
when  the  humidity  is  computed  from  observations  made  on  un- 
ventilated hygrometers  using  the  formula  or  tables  intended  for 
ventilated  hygrometers,  the  only  change  in  the  correction  formula 
being  from  10  to  8  in  the  parenthesis.  In  other  words,  the 
straight  line  of  which  the  correction  formula  is  (.he  equation  has 
been  displaced  parallel  to  itself,  its  slope  remaining  unchanged. 
A  little  consideration  shows  that  this  can  only  be  true  under 
special  conditions. 

PiHtish  Association  Report,  1908. 
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An  unventilated  hygrometer  in  a  dry  atmosphere  shows  a 
lower  depression  of  the  wet  bulb  than  does  a  ventilated  hygro- 
meter, because  the  air  about  the  wet  bulb  retains  some  of  the 
moisture  taken  up  by  the  evaporation,  and  thus  evaporation  is 
retarded,  whereas  in  the  Assmann  hygrometer  the  air  moves  over 
the  bulb  so  rapidly  that  it  is  always  surrounded  with  air  of 
practically  the  same  humidity  as  that  of  the  room.  Hence,  the 
unventilated  instrument  will  show  a  lower  depression  than  the 
other.  The  difference,  which  is  considerable  at  low  humidities, 
decreases  as  the  humidity  increases  and  disappears  at  saturation. 
That  is,  the  depression  of  the  wet  bulb  is  zero  in  both  instruments 
in  saturated  air,  and  hence  they  will  agree  as  to  its  humidity. 

Suppose,  for  example,  that  a  pentane  lamp  is  measured  in  air 
that  contains  8  liters  of  water-vapor  per  cubic  meter  at  i8°  C, 
and  again  in  air  containing  20  liters  of  water-vapor  at  the  same 
temperature.  Suppose  its  candle-power  be  found  to  be  10  Inter- 
national candles  in  the  first  case,  and  9.32  candles  in  second.  The 
change  of  0.68  candles  is  due  to  a  change  of  12  liters  of  water- 
vapor  per  cubic  meter,  and  since  the  change  in  candle-power  is 
simply  proportional  to  the  humidity,  it  is  seen  that  the  coeffi- 
cient is  0.68  divided  by  12,  or  0.057.  If>  however,  an  unventilated 
hygrometer  had  been  employed  and  an  incorrect  formula  used, 
so  that  the  first  humidity  came  out  10  instead  of  8,  the  second 
humidity  would  have  been  correctly  shown  to  be  full  saturation, 
which  the  tables  show  to  be  20  liters  per  cubic  meter  at  18°  C, 
then  the  coefficient  found  would  have  been  0.68  divided  by  10,  or 
0.068.  This  shows  that  there  must  be  an  error  in  the  coefficient 
found  if  measurements  at  different  humidities  are  made  at  the 
same  temperature.  If  the  higher  humidities  are  at  higher  tem- 
peratures, as  they  generally  are,  the  error  will  be  less,  and  it  is 
possible  to  choose  temperatures  and  humidities  so  as  to  get  the 
same  error  in  the  water-vapor  each  time,  and  thus  get  a  correct 
humidity  coefficient. 

In  the  Weights  and  Measures  Division  of  the  Bureau  of 
Standards,  Mr.  Pienkowsky  has  observed  readings  of  an  unventi- 
lated wet-and-dry  bulb  hygrometer  and  an  Assmann  ventilated 
hygrometer  (both  instruments  in  the  same  room)  for  several 
years  past,  calculating  the  humidities  from  both  sets  of  observa- 
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tions.  The  approximate  expression  for  the  difference  between 
the  pressure  /^  of  saturated  aqueous  vapor  at  the  temperature 
fj  of  the  wet  bulb  and  the  actual  vapor  presssure  /  in  the  at- 
mosphere is 

A  -  /  =  AB(^  —  t,), 

where  t  —  ^^  is  the  depression  of  the  temperature  of  the  wet  bulb 
thermometer,  B  is  the  barometric  pressure  and  A  is  a  constant 
depending  on  the  instrument,  and  on  the  velocity  of  motion  of 
the  air  over  the  wet  bulb. 

In  Jelinek's  tables  for  a  mean  barometric  pressure  of  755  mm, 
the  value  of  the  product  of  AB  is  taken  as  follows : 

1.  For  still  air 0.906 

2.  For  slightly  moving  air    0.604 

3.  For  rapidly  moving  aii  0.495 

The  coefficient  given  for  the  Assmann  hygrometer  is  0.500. 
Mr.  Pienkowsky  has  computed  the  humidity  frorn  the  unventilatcd 
instrument,  using  the  constant  0.906,  and  from  the  Assmann, 
using  0.495,  ^^^  the  results  have  agreed  as  nearly  as  could  be 
expected.  When,  however,  the  same  formula  is  used  for  both 
instruments,  the  unventilatcd  instrument,  which  gives  lower  de- 
pressions of  the  wet  bulb  by  from  0.5°  to  3.0°  in  actual  practice, 
gives  humidity  values  which  are  too  high  by  from  i.o  to  4.0  liters 
of  water-vapor  per  cubic  meter  of  air,  the  difference  depending 
both  on  the  absolute  humidity  and  the  temperature,  being  less  as 
the  humidity  is  greater,  and  less  as  the  temperature  is  lower.  It 
is,  however,  not  the  same  at  the  same  i-elative  humidity,  when 
both  temperature  and  humidity  vary.  In  order  to  ascertain  what 
the  average  difference  is  between  the  two  methods  of  obtaining 
humidity,  some  of  Mr.  Pienkowsky's  observations  have  been 
used  to  compute  the  unventilated  hygrometer  readings  by  the 
formula  for  the  other  instrument,  the  differences  being  plotted 
against  the  actual  humidities.  The  mean  result  is  that  10  liters 
of  water  vapor  per  cubic  meter  of  dry  air  by  the  unventilated 
instrument  corresponds  to  6.0  liters  by  the  Assmann,  under  the 
conditions  of  temperature  under  which  the  observations  were 
taken,  namely,  a  temperature  of  about  20°  C.  If  the  laboratory 
temperature  had  been  15°  C,  the  difference  would  have  been 
about  two  liters.     This  conclusion  has  been  checked  by  theoretical 
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calculations  from  the  formula,  using  the  coefificient  0.906  for 
the  unventilated  instrument,  and  0495  for  the  Assmann.  The 
authors  hope  to  obtain  from  Mr.  Paterson  the  formula  employed 
by  him  in  determining"  his  humidity  coefficient,  and  also  to  learn 
the  method  by  which  they  obtained  the  difference  of  two  liters 
in  the  standard  humidity. 

In  Table  II  are  given  the  results  of  candle-power  measure- 

TABLE  II.— Measurements  of  Pentane  Lamps,  Apr.  8  to  Sept.  9, 1910. 

Number  of  Mean  c-p.         Mean  deviation 

lyamp  measurements       int.  candles        from  mean  c-p. 

Chance,  No.  116 220  9-875  0.039 

Chance,  No.  118 81  9.89  0.02^ 

Sugg,  No.  171 165  962  0.038 

American,  No.  25 42  9.61  0-045 

American,  No.  74 43  9.73  0.033 

American,  No.  157 46  9.58  0.041 

American,  No.  162 31  9.80  0.025 

ments  made  upon  three  English  and  four  American  pentane 
lamps.  In  the  second  column  is  given  the  number  of  measure- 
ments made  on  each  lamp  from  which  the  mean  value  has  been 
computed.  As  with  the  Hefner  lamp  previously  discussed,  a 
"measurement"  is  the  mean  of  a  large  number  (30  or  more)  of 
individual  settings  on  the  photometer,  the  flame  being  inspected 
(and  adjusted,  if  necessary)  several  times  during  the  set.  A 
group  of  30  settings  (constituting  one  measurement)  on  the 
pentane  lamp  is  made  in  about  5  minutes,  whereas  a  group  of 
20  settings  on  a  Hefner  lamp  requires  on  an  average  about  15 
minutes.  The  difference  is  due  to  the  much  greater  unsteadiness 
of  the  Hefner  flame,  which  often  requires  waiting  for  the  flame 
to  be  steady  and  at  the  right  height ;  whereas,  with  the  pentane, 
settings  are  made  in  rapid  succession.  The  method  employed 
of  automatically  recording  the  photometer  settings  makes  rapid 
settings  practicable  in  the  most  precise  work.  The  average  devia- 
tion of  a  single  instrument  from  the  mean  of  all  is  given  for  each 
lamp  in  the  fourth  column,  and  amounts  to  a  little  less  than  0.4 
per  cent,  on  the  average.  It  is  less  in  the  late  work,  probably 
averaging  not  more  than  0.3  per  cent. 

In  Table  III  are  given  the  separate  measurements  in  sets  of  10, 
each  group  constituting  a  "determination"  of  candle-power,  for 
four  pentane  lamps.     This  is  to  show  the  order  of  magnitude 
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of   the  deviations   of   each   measurement   from    the   mean   of   a 
group.     These  variations  are  due  to  a  considerable  number  of 

TABLE  III— Separate  Measurements  of  Candle-power 
FOR  Two  Pentane  Lamps. 

American  Lamp,  No.  25. 

9.64  9.67  9.61  9.56 
9-59  9-67  9-6i  9.62 
9.63                          9.75                        962  9.58 

9.65  9.70                        9.64  9.64 

9-53  9-65  9-63  964 

9.53  9.64  9.56  9.62 

9-53  9-63  9-57  964 

9.46  9.62  9.60  9.56 

9.46  9.60  9.65  9.60 

9-50  9-57  9-59  9-64 


9.552  9.650         9  608         9.610 


9.67 

9.61 

9.67 

9.61 

9.75 

9.62 

9.70 

9.64 

9-65 

963 

9.64 

9.56 

9-63 

9-57 

9.62 

9.60 

9.60 

9-65 

9-57 

9.59 

9.650 

9608 

Mean  of  all  = 

■  9-605. 

American 

Lamp, 

No.  162. 

9-75 

9.76 

9.87 

9.79 

9.79 

9.87 

9.80 

9.82 

9.78 

9.81 

9.81 

9-:5 

9.83 

985 

9-73 

980 

9.80 

9-77 

9.80 

9-79 

9.79 

9.78 

9.77 

9.80 

9-79 

9-79 

9-83 

9.81 

9.89 

9.78 

9.796  9.807  9.797 

Mean  of  all  =  9.800. 

factors,  such  as  variation  in  the  atmosphere,  in  the  fuel,  in  the 
effects  of  drafts  and  of  flame  adjustment,  as  well  as  errors  of 
the  photometric  measurements. 

In  Table  IV  the  results  are  given  of  different  determination  on 
four  American  pentane  lamps.  In  the  columns  headed  A  are  the 
differences  from  the  mean,  which  average  2.2  parts  in  1,000  for 
all  the  determinations  of  candle-power  on  the  four  lamps.  The 
error  in  the  mean  would,  of  course,  be  less  than  this  if  the  lamps 
are  as  consistent  with  themselves  as  they  appear  to  be. 

In  Table  V  are  given  similarly  results  of  a  larger  number 
of  determinations  on  three  English  pentane  lamps.     The  22  de- 
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TABLE  IV, — Determination  of  Candle-power  for 
Four  American  Pentane  Lamps. 

Lamp  No.  25  74  157  162 

Deter-  Int.  Int.  Int.  Int. 

mination  candles  A  candles  A  candles  A  candles  A 

1 9552      —0.053  9-675      —0.052  9.608      +0.032      9.796     —0.004 

2 9.650      +0.045  9.754      +0.027  9-591      +0.015      9.807      +0.007 

3 9-608     +0.003         9-734     +0.007        9.530     —0.046     9.797     —0.003 

4 9.610     +0.005         9.744     +0.017 

Mean..    9.605         0.026         9727         0.026         9.576         0.031     9.800        0.005 
In  the  above  table  A  is  the  difiference  between  a  single  determination 
and  the  mean  of  the  several  determinations  given  in  the  table.     A    "deter- 
mination "  is  the  mean  of  ten  "measurements." 


TABLE  v.— Determination  of  Candle-power  for  Three 
English  Pentane  Lamps. 


Type  and  numbers 

Determination 
I 


Chance.  No.  116 


Chance,  No.  118 


Sugg,  No.  171 


2 
3 

4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 


Int.  candles 

.  9.821 

■  9-827 
.  9.846 

•  9-875 
.  9.910 

•  9-894 
.  9.880 

•  9-911 

•  9.870 

•  9-903 

■  9-895 

•  9-907 
.  9.872 

•  9-883 

•  9-847 
-  9-854 

•  9-871 
.  9898 

•  9-858 
.  9.876 

9.867 

.  9.878 


A 
—0.054 
— 0.048 
— 0.029 

0,0 
+0.035 
+  0.019 
+0.005 
+  0.036 
—0.005 
+0.028 
+0.020 
+0.032 
— 0.003 
+  0.008 
— 0.028 
— 0.021 

—  0.004 
+  0.023 
— 0.017 

f  0.00 1 

—  o  008 

+0.003 


Int.  candles 
9.880 
9.876 

9-933 
9.889 
9.884 
9.882 
9.902 
9.884 


— O.OII 

—0.015 
+0.042 
— 0.002 
— 0.007 
— 0.009 
+0.011 
— 0.007 


Int.  candles 
9-585 
9.587 
9.612 

9-579 
9-590 

9.599 
9.644 
9.616 
9.620 
9.646 
9.614 
9.668 
9.618 
9.630 
9.610 

9-633 


—0.031 
— 0.029 
— 0.004 
—0.037 
— 0.026 
—0.017 
+0.028 

0.0 
+0.004 
+0.030 
— 0.002 
+0.052 
+0.002 
+0.014 
— o.  006 
+0.017 


Mean 9.875  0.019         9.891  0.13         9.616  0.019 

The  determinations  of  the  Chance,  No.  116,  and  of  the  Sugg  lamp  recorded 
above  were  made  between  April  8  and  September  9,  1910,  during  which 
period  the  amount  of  water-vapor  per  cubic  meter  of  dry  air  varied  from  4 
liters  to  27  liters.  The  determinations  of  the  Chance,  No.  118,  were  made 
between  July  18  and  September  9,  the  range  of  water-vapor  being  approxi- 
mately from  14  to  27  liters  per  cubic  meter  of  air. 
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terminations  on  the  first  Chance  lamp  represent  220  measure- 
ments, or  probably  about  10,000  separate  photometric  settings. 
The  average  value  of  the  deviations  of  the  separate  determina- 
tions from  the  mean  of  all  is  2  in  1,000  for  two  lamps,  and  1.4 
for  the  third.  If  the  determinations  on  each  lamp  be  divided 
up  into  groups  of  four,  the  mean  of  each  group  differs  from 
the  mean  of  all  by  only  one-tenth  of  one  per  cent.  This  is  a 
gratifying  degree  of  reproducibility.  Of  course,  such  results 
would  be  obtained  only  as  the  means  of  a  considerable  number 
of  measurements,  even  if  the  flame  standards  were  ideal  in  their 
performance,  for  the  errors  of  the  photometric  measurements 
are  considerable.  That  the  errors  belonging  to  the  flame  stand- 
ards themselves  could  be  so  small  when  measured  in  all  kinds 
of  weather,  with  a  wide  range  of  humidity  and  temperature, 
and  considerable  range  of  barometric  pressure,  with  many  re- 
settings  of  the  lamps,  and  over  a  period  of  some  months,  would 
not  have  been  thought  possible  a  year  ago. 

But,  while  the  value  of  a  given  lamp  can  be  determined  with 
so  little  uncertainty,  the  differences  between  lamps  are  very  con- 
siderable. The  candle-power  of  the  Sugg  lamp  is  2.6  per  cent, 
less  than  that  of  the  Chance  lamps,  whereas  two  American 
lamps  are  slightly  smaller  in  candle-power  than  the  Sugg  lamp. 
It  is  recognized  in  England  that  different  pentane  lamps  differ 
in  candle-power,  so  that  the  standard  of  the  National  Physical 
Laboratory  is  not  that  of  just  any  pentane  lamp,  nor  the  mean 
value  of  a  group  of  lamps,  but  a  parHcular  pentane  lamp.  It 
remains  to  learn  how  to  make  different  lamps  agree  as  closely 
as  a  particular  lamp  will  agree  with  itself,  as  was  remarked 
above. 

The  various  values  of  the  humidity  coefficient  that  have  been 
computed  from  the  measurements  are  shown  in  Table  VI.  Four 
of  the  lamps  have  been  used  through  a  wide  range  of  humidity; 
three  only  in  the  higher  range  of  humidity.  The  same  coeffi- 
cient is  obtained  for  low  and  high  humidity,  and  also  the  same 
substantially  for  all  lamps.  The  mean  value,  0.0567  candles,  for 
a  change  in  the  water-vapor  of  one  liter  per  cubic  meter,  found 
from  628  measurements  on  seven  different  lamps,  would  seem 
to  be  subject  to  very  little  uncertainty.  The  different  values 
obtained  in  England  were  discussed  above. 
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TABLE  VI. — Water-vapor  Correction  Factor  for  Pentane  Lamps. 


Lamp 
Chance,  No.  ii6 
Chance,  No.  ii8. 
Sugg,  No.  171... 


Mean 


American,  No.  25 .  • 
American,  No.  74. . 
American,  No.  157. 
American,  No.  162. 


Mean 

Mean  of  all 


Number  of 
measurements 

Factor 
derived 

Rai 
(1. 

ige  of  water-vapor 

per  cu.  ni.  of  air) 

220 

81 

165 

0.0569 
0.0572 
0.0561 

0.0567 

4.0-27.0 

14. 1-26.8 

4.0-27.0 

42 

43 
46 

31 

0.0577 
0.0558 
0.0570 
0.0562 

5-0-I4-3 

5.0-27.0 

18.2-26.8 

13.7-26.0 

628 

0.0567 
0.0567 

In  Fig.   2   are  plotted  the   values 
for  variation  in  barometric  pressure 
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Fig.  2. — Candle-power  of  four  American  lamps. 

four  America  lamps  while  Fig.  3  shows  the  results  for  a  Sugg 
and  a  Chance  lamp. 

The  method  of  determining  the  humidity  is  to  ascertain  by 
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means  of  the  Assmann  ventilated  hygrometer,  the  vapor  pres- 
sure in  millimeters  of  water  vapor  in  the  atmosphere  at  the 
time  of  the  measurements.  This  divided  by  the  barometric  pres- 
sure minus  the  vapor  pressure  gives  the  ratio  of  the  water  vapor 
to  the  dry  air  with  which  it  is  mixed;  this  ratio  multiplied  by 
1,000  gives  the  number  of  liters  of  water  vapor  in  i,ooo  of  dry 
air,  that  is,  in  a  cubic  meter  of  dry  air.  This  is  in  accord  with 
English  and  German  practice,  and  is  not  quite  the  same  as  the 
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Fig.  3.  -Candle-power  of  a  Sugg  lamp  and  a  Chance  lamp. 

number  of  liters  of  water  vapor  (at  atmospheric  pressure)   in  a 
cubic  meter  of  the  damp  atmosphere. 

The  author's  value  for  the  variation  of  candle-power  with 
barometric  pressure  is  about  0.6  per  cent,  for  a  change  of 
I  cm.  in  the  pressure.  This  is  not  as  accurately  deter- 
mined as  is  the  humidity  coefficient,  because  the  range  of  baro- 
metric pressures  during  the  period  of  the  measurements  has 
not  been  very  large.  The  particulars  of  this  determination  will 
be  given  in  a  later  publication. 
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Paterson  and  Liebenthal  have  made  some  experiments  on  the 
effect  on  the  candle-power  of  adding  small  quantities  of  CO2  to 
the  atmosphere.  The  authors  made  no  measurements  on  this 
subject  for  the  reason  that  thi  carbon  dioxide  content  of  pure 
atmospheric  air  is  very  consta  t,  and  if,  owing  to  imperfect 
ventilation,  it  has  increased  enough  to  affect  the  candle-power, 
the  oxygen  will  have  decreased  sensibly,  and  this  will  have 
affected  the  candle-power  more  than  the  presence  of  the  ex- 
cess of  COo.  That  is,  the  candle-power  will  be  affected  very 
differently  according  to  wheth^i  one  liter  per  cubic  meter  of 
CO2  has  been  added,  or  so  much  COo  has  been  produced  in  the 
air  by  combustion.  It  is  considered  far  easier  to  insure  good 
ventilation  and  thereby  render  correction  unnecessary,  rather 
than  to  try  to  correct  for  an  excess  of  CO2  and  a  deficiency  of 
oxygen. 

The  formula  for  the  candle-power  of  a  pentane  lamp,  used 
at  present  by  the  authors  is  as  follows : 

I  =  I„  <|  I  —  0.00567 (  e  —  8)  4-  0.0006  i^p  —  760)  \  where 
I  is  the  measured  candle-power,  in  International  candles,  of  the 
pentane  lamp  under  the  given  atniosph-ric  conditions;  \„  is  the 
normal  value  of  the  lamp,  that  is,  its  candle-power  at  an  atmos- 
pheric humidity  of  8  liters  of  water  vapor  per  cubic  meter  and 
a  barometric  pressure  of  760  mm.  of  mercury ;  e  is  the  number 
of  liters  of  water-vapor  per  cubic  meter,  as  described  above, 
found  by  the  Assmann  hygrometer;  and  p  is  the  reading  of  the 
barometer  in  millimeters.  Putting  a  and  h  for  the  two  correc- 
tion terms, 

I  :.    I.,(i  —a-\b) 

I 


or     I 


I  —  a  -Y  b 


In  this  paper  very  few  particulars  have  been  given  as  to  the 
handling  of  the  Hefner  and  pentane  lamps,  or  the  details  of  the 
photometric  work.  The  paper  is  regarded  as  a  preliminary  re- 
port; in  the  near  future  there  will  be  published  in  fuller  detail 
an  account  of  the  work  in  the  Bulletin  of  the  Bureau  of  Stand- 
ards,  in   which  the   authors  hope  to  be   able  to   report   further 
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than  they  can  do  now  as  to  the  reasons  for  the  differences  be- 
tween different  Hefner  and  pentane  lamps. 

While  much  remains  to  be  done  on  the  pentane  lamp  to  make 
it  a  thoroughly  satisfactory  flame  standard,  the  authors  feel 
very  much  encouraged  with  the  progress  thus  far,  and  believe 
that  a  much  closer  agreement  between  different  lamps,  and 
a  little  higher  degree  of  reproducibility  in  the  same  lamp,  is 
possible.  For  use  as  a  practical  fianic  standard  in  photometric 
measurements,  and  for  use  as  a  primary  standard  for  fixing  the 
unit  of  light,  the  same  lamp  should  not  be  employed,  and  the 
specifications  should  be  appreciably  different.  One  would  not 
think  of  employing  an  ordinary  precision  meter  bar  for  a  prim- 
ary standard  of  length,  or  of  using  an  ordinary  precision  resist- 
ance box  for  the  reference  standards  of  a  national  standardizing 
institution.  No  more  should  one  think  of  using  a  pentane  lamp 
that  is  not  too  good  for  a  gas  works  or  for  ordinary  photometric 
practice  as  a  primary  standard  for  fixing  and  maintaining  the 
unit  of  light.  There  should  be  as  much  difference  here  as  in 
other  physical  standards.  Mr.  Vernon  Harcourt  has  rendered 
a  great  service  to  photometry  and  to  the  industries  in  developing 
his  various  pentane  lamps,  and  the  authors  cannot  refrain  from 
expressing  their  admiration  for  the  thoroughness  with  which 
he  worked  in  the  pioneer  days  of  precision  photometry.  But 
with  the  increased  demand  for  accuracy  of  measurement,  furth- 
er improvement  is  necessary,  not  only  in  the  construction  of  the 
lamp  but  in  its  use  as  well.  Instead  of  using  the  usual  style 
of  lamp,  at  any  temperature  and  any  humidity,  with  the  pentane 
that  satisfies  ordinary  requirements,  there  should  be  a  lamp  (or 
several  lamps)  built  as  precision  instruments  to  very  exact  speci- 
fications, operated  within  very  narrow  limits  of  temperature 
and  humidity,  with  pentane  satisfying  much  more  rigorous  re- 
quirements as  to  density  and  boiling  point,  and  an  atmosphere 
maintained  constant  as  to  oxygen  content  with  great  care.  With 
such  painstaking  procedure  the  unit  of  light  can  be  fixed  with 
either  the  Hefner  or  the  pentane  lamp  with  very  considerable 
precision,  sufficient  to  serve  as  a  valuable  check  on  the  admirable 
electric  standards  now  in  use.  It  is  with  a  view  of  contributing 
something  to  the  working  out  of  such  precise  specifications  that 
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the  work  of  investigation  at  the  Bureau  of  Standards  will  be 
continued  during  the  coming  year. 

The  authors  are  under  great  obligations  to  Mr.  R.  S.  McBride, 
for  his  assistance  in  the  chemical  examination  of  the  fuels  em- 
ployed in  the  lamps,  and  to  Mr.  A.  H.  Taylor  for  assistance  in 
all  the  photometric  work  and  computations. 

DISCUSSION. 

Dr.  B.  B.  Rosa: — I  should  like  to  say  just  a  word  in  addition 
on  a  point  that  has  not  been  mentioned  in  the  paper,  and  that 
is  the  sensitiveness  of  the  pentane  lamp  to  drafts  in  a  room. 
We  find  that,  even  when  the  flame  is  very  carefully  screened, 
drafts  may  produce  changes  in  the  candle-power.  The  change 
is  due  to  the  fact  that  the  air  circulation  depends  upon  the  dif- 
ference in  the  temperature  between  the  tubes,  and  a  slight 
draft  or  a  little  higher  velocity  of  the  air  around  the  lamp  will 
cool  the  tubes  by  a  different  amount,  and  therefore  change  the 
circulation  of  the  air  and  change  the  candle-power  accordingly. 
It  is  necessary,  therefore,  that  there  should  be  a  standard  method 
of  ventilating  the  lamp ;  in  other  words,  it  should  be  con- 
tained in  an  enclosure  which  should  be  standard,  which  should 
be  indicated  in  the  specifications,  and  the  method  of  observing 
the  humidity  and  of  controlling  the  lamp  should  be  standardized 
as  carefully  as  is  the  lamp  construction  itself. 

Mr.  W.  H.  Gartley : — The  electric  people  are  interested  in  a 
uniform,  fixed,  standard,  from  quite  a  different  point  of  view 
than  are  the  gas  people.  The  candle-power  of  gas  has  been  made 
a  criterion  of  its  quality ;  many  acts  and  statutes  of  the  States 
and  enactments  in  the  municipalities  and  regulations  laid  down 
by  public  service  boards  and  so  on,  require  that  the  candle- 
power  shall  be  the  gauge  of  the  quality  of  the  gas.  It  would 
be  a  matter  of  great  concern  to  the  gas  companies  if  there 
should  be  any  shifting  in  that  value.  Probably  75  per  cent,  of 
all  the  gas  that  is  made  in  the  country  to-day  is  tested  accord- 
ing to  the  candle-power  value.  Now  if  a  primary  standard  can 
be  so  arranged  as  to  exclude  every  possible  source  of  variation, 
as  the  authors  have  suggested,  and  lamps  can  be  sent  to  the 
Bureau  for  standardization,  an  ultimate  desideratum  will  have 
been  reached,  but  it  is  manifest  that  the  lamp  that  is  used  by 
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the  gas  company  will  be  used  with  some  degree  of  elasticity. 
A  primary  standard  could  not  be  handled  with  the  care  re- 
quired nor  could  it  be  employed  by  a  gas  company  without 
very  large  expense,  expense  involving  a  special  building  perhaps, 
electric  apparatus  and  paraphernalia,  that  would  take  too  long  to 
get  together  and  to  be  difficult  to  make  the  test  rapidly,  as  is 
required  in  some  cases.  A  secondary  standard  or  the  standard 
used  by  the  gas  company  must  have  some  latitude  as  to  the  at- 
mospheric condition  under  which  it  is  used.  It  must  be  remem- 
bered that,  different  from  electricity,  a  large  portion  of  the  gas 
that  is  being  used  to-day  was  probably  made  before  six  o'clock 
this  morning.  Now  if  atmospheric  conditions  are  going  to  affect, 
as  they  are  known  to  do,  the  candle-power  emitted  by  the  gas, 
it  would  be  impossible  to  forecast  what  the  conditions  would 
be  from  12  to  16  hours  before  the  time  of  actual  burning. 
Consequently  the  gas  must  be  tested  with  a  satisfactory  stand- 
ard that  would  exactly  change  in  value  with  the  gas  flame 
under  these  varying  conditions.  The  pentane  lamp,  as  tests 
which  have  been  made  show,  does  vary  with  the  change  of 
atmospheric  conditions,  probably  more  than  does  any  other  stand- 
ards, and  particularly  the  Hefner,  for  the  reason  that  flames 
of  about  the  same  candle-power  are  affected  in  a  general  way 
to  the  same  extent ;  consequently,  a  lo-c-p.  pentane  lamp  would 
be  affected  more  than  the  Hefner  lamp;  it  would  be  affected 
more  nearly  like  the  20-c-p.  gas.  However,  another  condition 
of  affairs  is  arising.  The  calorific  value  is  being  considered 
more  and  more,  and  there  have  been  legal  enactments  through- 
out the  country  by  which  the  calorific  value  is  made  the  stand- 
ard by  which  the  quality  of  the  gas  it  to  be  measured.  Of  course, 
this  fact  does  not  lessen  the  necessity  of  having  the  good  primary 
standard  of  the  pentane  lamp.  As  the  calorific  value  becomes 
used  the  mantle,  the  reflectors,  and  all  the  paraphernalia  of  the 
lamp  will  influence  the  candle-power,  and  the  light  from  such  a 
lamp  will  be  influenced  less  by  atmospheric  conditions  than  the 
naked  flame.  Consequently,  the  use  of  a  secondary  standard 
will  be  lessened,  but  the  use  of  a  primary  standard  will  be  just 
as  much  as  ever. 

Mr.  F.  N.  Morton  : — In  the  statement  of  the  humidity  of  the 
air  as  so  manv  litres  of  moisture  per  cubic  meter  is  the  result 


780     TlL^NSACTlOlsiS  OF  ILIvUMINATlNG  ENGINEERING  SOCIETY 

expressed  per  cubic  meter  of  dry  air  or  of  the  air  as  it  exists? 
M)'.  P.  B  Cady : — Has  any  study  been  made  of  the  effect  of 
barometric  pressure  and  humidity  on  the  flame,  when  the  nor- 
mal height  is  45  mihimeters  instead  of  40  miUimeters?  In  other 
words,  is  the  flame  any  more  sensitive  to  changes  in  barometric 
pressure  and  humidity  when  at  a  height  of  45  miUimeters  than 
when  at  the  ordinary  flame  height  ?  In  the  case  of  flame  standards 
which  have  a  cyhndrical  flame,  what  is  to  be  taken  as  the  center 
of  radiation  in  measuring  the  distance?  What  is  the  present 
attitude  of  the  Bureau  of  Standards  in  regard  to  the  Carcel  lamp? 

Dr.  A.  H.  Elliott: — Have  the  authors  tried  any  other  wick 
material  in  the  Hefner  lamp  except  the  one  that  was  furnished 
with  the  lamp?  I  made  some  experiments  in  that  direction,  and 
found  that  a  common  cotton  lamp  wick,  could  be  used  as  a  sub- 
stitute for  the  Hefner  wick  without  any  difference. 

I  am  rather  glad  that  the  Hefner  unit  has  come  out  ahead 
in  this  investigation,  because  if  there  is  anything  that  has  made 
me  angry,  it  is  the  pentane  lamp.  I  have  had  no  luck  with  it 
or  pleasure  with  it  for  several  years  and  a  great  many  people 
seem  to  think  of  it  as  I  do. 

Mention  is  made  in  the  paper  of  the  expectation  of  using 
some  of  the  metallic-filament  incandescent  electric  lamps  as 
standards  for  the  photometer,  because  they  are  whiter  than  the 
carbon  lamps.  I  should  think  that  their  whiteness  would  ren- 
der them  objectionable  because  the  ordinary  flame  standards 
of  gas  is  yellowish  or  reddish. 

The  authors  appreciate  the  difference  between  a  chemical  com- 
pound and  a  compound  like  pentane,  which  means  anything. 
Anybody  who  has  had  any  experience  with  gasoline  apparatus 
and  knows  what  gasoline  is,  knows  what  pentane  is  to  a  large 
extent.  It  is  a  very  poor  material,  and  I  am  a  little  surprised 
that  the  authors  have  obtained  such  good  results  with  the  pen- 
tane lamp  as  they  have.  I  have  worked  very  faithfully  and 
patiently  with  the  lamps  but  my  results  have  not  been  so  good. 

The  authors  corroborate  observations  I  have  made  that  the 
vapor  of  the  pentane  comes  out  at  the  top  of  the  lamp,  and  if 
one  is  not  careful,  it  will  take  fire  from  the  lamp  below.  I  do 
not  think  that  fact  is  a  recommendation  for  the  lamp.     I  never 
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heard  of  an  accident  with  the  Hefner  lamp.  I  find  it  a  splendid 
standard  in  spite  of  the  fact  that  it  is  very  small. 

The  time  of  lighting  as  affecting  the  candle-power  of  the  pen- 
tane  lamp  is  far  more  serious  than  a  great  many  people  think. 
I  find  it  is  a  variable  quantity.  It  may  take  forty-five  minutes 
before  the  lamp  is  steady.  The  change  in  the  form  of  the  flame 
is  another  difficult  thing,  which  probably  accounts  for  the  varia- 
tion in  candle-power.  Then  the  air  and  vapor  mixture  going 
into  the  lamp  varies.  If  the  temperature  is  low  and  the  pho- 
tometer room  has  a  low  temperature,  somewhere  about  55  or  60, 
the  air  mixture  will  contain  more  or  less  air  in  excess,  because 
the  evaporation  is  not  rapid,  and  that  fact  will  affect  the  candle- 
power. 

In  regard  to  hygrometers,  I  may  state  that  I  have  had  to 
do  a  lot  of  work  in  determining  the  humidity  of  the  air,  and 
the  only  thing  I  can  find  to  agree  with  the  Assman  hygrometer  is 
a  determination  of  the  humidity  in  the  air  by  the  use  of  solid 
glacial  phosphoric  acid.  Chloride  of  calcium  or  sulphuric  acid 
determinations  of  the  humidity  in  the  air,  by  drawing  measured 
quantities  of  air  through  apparatus  are  misleading,  especially 
the  chloride  of  calcium  determination.  The  only  apparatus  that 
corresponds  in  agreement  or  is  at  all  in  harmony  with  the  Ass- 
man hygrometer  is  the  swinging  bulbs — dry  and  wet  bulb  ther- 
mometers that  swing  on  a  handle,  made  by  the  various  scientific 
instrument  manufacturers.  If  the  thermometer  be  put  on  a 
handle  and  swung  at  a  certain  speed,  the  results  correspond  al- 
most exactly  wnth  the  Assmann  hygrometer;  this  outfit  is  less 
expensive.  I  have  tried  both,  and  it  would  be  immaterial  to  me 
which  one  I  used. 

Mr,  C.  0.  Bond: — At  the  time  the  pentane  lamp  was  devel- 
oped by  Mr.  Harcourt,  it  is  unlikely  that  he  made  use  of  so  con- 
stant a  standard  as  the  incandescent  electric  lamp  in  determining 
its  average  value  to  a  high  accuracy  as  the  authors  have  now  so 
successfully  done.  Yet  the  fact  is  that  that  particular  pentane 
lamp  to  which  the  authors  refer  as  being  the  standard  recognized 
in  England,  and  kept  at  the  National  Physical  Laboratory,  still 
exists  and  is  in  the  same  condition  probably  that  it  was  when  the 
value  was  assigned  to  it.  I  am  wondering  whether  the  change 
that   may   be    made   by   applying  the   authors    formula   of   cor- 
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rections  for  water  vapor,  instead  of  the  one  Mr.  Patterson  uses, 
will  bring  about  with  the  English  people  any  question  as  to  hold- 
ing up  the  new  International  unit  which  was  practically  thought 
agreed  upon.  It  may  be  possible  that  there  will  be  a  slight  dis- 
crepancy between  the  value  given  to  that  English  lamp  measured 
under  moisture  conditions  as  Patterson  states  them  and  as  meas- 
ured under  the  conditions  which  the  authors  now  find  should  be 
used.  It  would  be  a  most  regrettable  thing  if  the  entire  subject 
of  the  International  candle  should  be  opened  up  again. 

Mr.  Crittenden : — In  regard  to  the  content  of  water  in  the  air, 
it  is  to  be  noted  that  the  number  of  litres  given  in  the  paper  is  the 
number  of  litres  per  cubic  meter  of  dry  air ;  and  therefore  not 
exactly  the  same  quantity  would  be  used  in  the  chemical  determina- 
tion as  is  ordinarily  given.  The  statement  that  the  pentane  lamp 
and  other  lamps  of  larger  candle-power  vary  more  nearly  in  pro- 
portion with  the  gas  flame  of  twenty  candle-power,  is  not  valid,  I 
believe,  because  the  variation  is  a  matter  of  percentage.  It  is 
interesting  to  note  that  according  to  the  results  reported  in  the 
paper,  the  percentage  of  variation  in  the  flame  standard  is 
practically  the  same  for  the  Hefner  as  for  the  pentane  standard: 
in  fact,  the  constants  have  come  out  to  be  0.56  per  cent,  for  the 
Hefner,  and  0.567  per  cent,  or  0.567  per  cent,  in  round  numbers, 
for  the  pentane.  In  other  words,  the  two  standards,  according 
to  our  work,  have  operated  the  same  way,  which  incidentally 
renders  reasonable  the  assumption  ordinarily  made  that  the  gas 
flame  varies  in  proportion  with  the  standard  itself,  and  in  that 
way  strengthens  the  use  of  this  standard  for  the  testing  of  gas. 
I  will  mention  that  in  some  work  on  other  flame  standards  of 
various  kinds,  we  found  a  similar  variation,  a  factor  of  0.55  per 
cent.,  or  practically  the  same  value.  In  other  words,  the  assump- 
tion ordinarily  made,  that  all  flames  vary  in  practically  the  same 
way,  seems  to  be  borne  out  by  these  constants  as  they  have  been 
found  to  do. 

With  regard  to  the  effect  of  atmospheric  and  barometric  changes 
on  the  Hefner  as  operated  at  45  millimeters  instead  of  40  milli- 
meters, we  have  made  some  determinations,  although  our  measure- 
ments have  been  more  limited  in  number,  and  the  coefficients 
found   are   practically  equal.     The   number  of  observations   has 
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been  relatively  small,  but  the  variation  factor  there  has  been  0.53 
per  cent,  as  compared  to  0.56  per  cent,  at  40  millimeters.  In 
other  words  there  in  only  a  variation  which  might  well  be  due  to 
experimental  error.  For  barometric  variations,  we  really  have 
made  no  determinations  on  the  45-millimeter  height.  When  it  is 
realized  that  the  variation  for  one  millimeter  on  the  barometer  is 
only  0.0 1  per  cent,  it  will  be  appreciated  that  quite  a  number  of 
observations  will  be  required  to  get  reliable  values  for  the  con- 
stant. It  happens  that  Liebenthal's  value  for  the  barometric 
correction  factor  for  the  Hefner  lamp  is  given  as  0.00011.  The 
mean  of  our  values  on  the  six  lamps  has  come  out  0.00014,  which 
we  consider  as  a  very  close  agreement.  This  value  was  for  the 
40-millimeter  height  instead  of  the  45.  There  seems  to  be  no 
reason  for  believing,  however,  that  the  variation  should  be  great- 
ly different  in  the  case  of  the  45-millimeter  height. 

As  to  the  question  of  the  center  of  radiation,  we  have  in  each 
case  followed  the  practice  which  we  believe  well  established  in  the 
laboratories  in  which  the  lamp  is  used ;  that  is,  we  have  used 
the  center  of  the  flame — the  geometric  center — as  the  center  of 
radiation.  That  location  may  not  be  exactly  accurate  for  the 
pentane  lamp,  but  it  is  the  practice  I  believe  in  the  National 
Physical  laboratory,  and  if  it  is  universally  followed,  it  does  not 
matter  what  is  taken  for  the  center,  so  long  as  all  agree. 

We  have  had  little  experience  with  the  Carcel  lamp,  and  we 
agree  with  most  who  have  tried  to  use  it  that  it  is  unsatisfactory 
The  variations  from  the  mean  were  probably  2.0  per  cent,  on  the 
average  compared  to  less  than  0.5  per  cent,  in  the  case  of  the 
pentane  lamp.  Therefore,  we  have  not  considered  the  Carcel 
lamp  seriously  at  all. 

It  has  been  well  established  that  the  nature  of  the  wick  material 
in  the  Hefner  lamp  is  unessential ;  that  is,  it  may  be  a  loose  string 
or  it  may  be  a  woven  wick,  or  anything  else  that  draws  the  fuel 
up  to  the  top  of  the  tube,  where  it  will  be  evaporated.  As  the 
wick  is  not  burned  at  all,  it  serves  merely  as  a  conductor  to  bring 
the  fuel  up  to  the  hot  part  of  the  tube.  In  operation  the  wick 
is  from  one  to  three  millimeters  below  the  top  of  the  tube  where 
it  serves  as  a  capillary  conductor  and  not  as  a  burning  material 
at  all. 
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On  starting  we  were  quite  discouraged  with  the  pentane  lamp  and 
quite  ready  at  times  to  throw  it  in  the  junk  heap,  but  we  have 
rather  reversed  our  opinion.  We  are  now  glad  to  work  with  the 
pentane  and  get  away  from  the  Hefner,  so  that  our  statement  was 
not  meant  to  imply  that  the  Hefner  is  preferable  to  the  pentane. 
As  to  the  standards  used  in  measuring  the  lamps,  the  metallic 
filament  standards  mentioned  in  the  paper  were  not  to  be  used  for 
this  purpose  but  for  other  work.  The  color  of  these  flames  is 
much  redder  than  the  ordinary  4-watt-per-candle  carbon  stand- 
ard, so  that  for  this  particular  work  we  have  calibrated  a  set  of 
standards  running  at  low  voltage,  consuming  approximately  9- 
watts  per  candle,  for  use  with  the  Hefner  lamp,  and  about  7.5 
watts  per  candle  for  the  pentane  lamp. 

As  to  the  fuel  and  the  danger  in  using  it,  it  is  true  that  the 
evaporation  of  pentane  with  its  escape  into  the  air,  through  the 
air  inlet,  has  an  element  of  danger.  In  one  instance  at  least, 
operating  in  hot  weather,  the  pentane  caught  fire  at  the  top  of 
the  lam.p,  but  it  was  checked  by  simply  turning  off  the  stop-cock, 
and  no  explosion  resulted.  In  fact  we  have  grown  rather  care- 
less in  handling,  the  lamp  because  we  have  used  it  under  all  sorts 
of  conditions  without  accident.  Still  there  is  the  possibility  of  an 
explosion  which  is  not  present  in  the  case  of  the  Hefner  lamp. 

Concerning  the  time  of  lighting,  we  find  ordinarily  that  with 
the  English  lamp  fifteen  minutes  is  plenty  of  time  for  the  candle- 
power  to  reach  its  steady  value.  In  the  case  of  the  American 
lamp,  the  time  required  is  half  an  hour,  or  sometimes  slightly 
over,  after  which  the  values  are  very  steady ;  the  difference  is 
probably  due  to  the  greater  amount  of  material  which  has  to  be 
tieated  in  the  American  lamp,  and  therefore  a  longer  time  is  re- 
qun-cd  to  reach  a  state  of  equilibrium. 

The  Assmann  hygrometers  have  been  found  to  be  very  re- 
liable. We  have  used  three  different  instruments,  purchased 
several  years  apart,  and  the  variation  of  reading  between  them 
is  practically  negligible.  That  is,  readings  on  two  different  in- 
struments will  agree  usually  within  o.i  degree,  and  seldom  differ 
by  more  than  o.i   degree. 

President  Hyde : — Has  any  evidence  whatever  been  found  of  a 
temperature   effect   due   to   the    room   temperature?     There   are 
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one  or  two  reasons  why  that  is  not  inconceivable.  In  the  first 
place,  the  flow  depends  to  some  extent  upon  the  temperature 
relations  in  the  lamp  itself;  and  secondly,  the  composition  of  the 
gas  in  the  pentane  lamp  varies  greatly  with  the  temperature.  At 
high  temperature  pure  pentane  is  obtained  through  the  burner, 
and  at  comparatively  low  temperature  a  considerable  quantity  of 
air  is  mixed  with  the  pentane,  I  recall  there  was  some  slight 
evidence, — though  our  observations  did  not  go  far  enough  when 
I  was  working  at  the  Bureau — of  a  temperature  effect.  Has 
any  further  indication  of  that  effect  been  found? 

Mr.  Bond: — Mr.  Crittenden  brought  out  the  point  about  there 
being  danger  of  ignition  from  pentane  vapor  backing  through 
the  inlet  to  the  saturator  box.  Perhaps  this  is  a  partial  reason 
for  the  practice  followed  by  Mr.  Patterson  in  standardizing  lamps 
at  the  National  Physical  Laboratory.  He  connects  a  rubber  tube 
to  this  inlet,  leading  it  down  to  a  position  near  the  table  and 
lower  than  the  flame,  so  that  any  vapor  backing  through  would, 
by  its  weight,  continue  to  descend  and  thus  avoid  possible  igni- 
tion at  the  flame.  It  is  also  possible  to  regulate  the  air  supply  by 
a  pinch-cock  at  the  lower  end  of  this  tube.  I  wish  to  inquire 
whether  the  authors  have  ever  used  that  method  and  whether  they 
found  it  made  any  difference  in  the  value  of  the  lamp  as  com- 
pared with  the  usual  method  of  regulation. 

Dr.  Rosa : — As  to  the  question  about  the  humidity  in  the  air, 
I  may  say  that  wc  should  prefer  to  express  the  humidity  as  so 
many  litres  per  cubic  metre  of  the  atmosphere,  as  is  usually  done, 
but  in  this  particular  we  have  followed  the  practice  of  Germany 
and  England ;  that  is,  we  express  the  number  of  litres  of  water 
vapor  per  cubic  meter  of  dry  air  rather  than  of  the  atmosphere 
itself. 

As  to  the  question  of  the  center  of  radiation,  in  addition  to 
what  Mr.  Crittenden  has  said,  I  would  suggest  that  in  a  primary 
standard  it  would  be  an  advantage  if  the  distance  at  which  the 
flame  is  measured  be  specified.  For  example,  if  the  centre  of  the 
flame  is  one  meter  from  the  photometer  screen,  and  is  always 
measured  at  one  metre,  any  uncertainty  due  to  slight  variation 
of  the  center  of  radiation  from  the  axis,  would  be  eliminated.  In 
other  words,  in  a  primary  standard,  to  fix  the  unit  of  light  all 
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possible  chance  of  variation  ought  to  be  ehminated,  and  to 
specify  the  distance  I  think  would  not  work  any  hardship  and 
would  ensure  that  the  measurements  were  made  under  more  near- 
ly uniform  conditions. 

Dr.  Elliott's  statement  that  the  pentane  is  almost  anything, 
should  be  qualified.  Pentane  is  not  quite  definite  as  it  ought  to 
be,  but  it  is  not  so  very  different  from  what  it  ought  to  be  if  it  is 
prepared  according  to  closer  specifications  than  is  done  now. 
Pentane  that  passes  the  specifications  is  distilled  between  tem- 
peratures of  25  and  40  degrees.  That  is  a  pretty  wide  range ; 
and  there  are  present  three  forms  of  pentane.  That  is  to  say, 
C5H12  is  a  compound  in  which  the  carbon  may  be  linked  up  with 
hydrogen  in  three  (lifi:'erent  ways,  and  thus  there  are  three  forms 
of  pentane  having  the  same  percentage  composition,  and  the 
same  formula,  but  not  the  same  structure.  Instead  of  mcluding 
all  three  together  with  some  butane  below,  and  some  hexane 
above,  the  distillation  might  be  made  between  closer  limits  to 
exclude  more  completely  the  butane  on  the  one  hand  and  the 
hexane  on  the  other,  and  include  chiefly  the  middle  one  of  those 
three  pentanes.  If  there  were  specified  only  one  pentane  with  just 
a  little  of  either  cf  the  other  two,  instead  of  allowing  three,  the 
results  would  be  very  satisfactory,  because,  as  a  matter  of  fact, 
there  is  very  little  difiference  in  the  light-giving  value  of  the  three 
pentanes.  As  to  whether  this  would  have  any  efifect  upon  the 
value  of  the  International  candle,  we  cannot  say.  It  would  be  for 
the  National  Physical  Laboratory  to  work  that  out.  They  have 
preserved  the  International  candle  in  terms  of  electric  standards 
as  we  have  done.  They  have  satisfied  themselves  that  the  electric 
standards  agree  with  the  pentanes,  but  for  precise  measurement, 
it  is  the  electric  standards  that  they  trust  rather  than  their  lamp. 
They  standardize  their  pentane  lamps  against  the  pentane  lamp, 
but  the  electric  standards,  with  which  the  principle  part  of  their 
work  is  done,  are  standardized  against  their  electric  standards, 
and  I  should  therefore  expect  that  they  would  maintain  their 
international  unit  by  means  of  the  electric  standard.  Just  how 
they  will  reconcile  the  fact  that  diflferent  pentane  lamps  give 
different  values  I  cannot  say.  It  is  evident  to  us  from  our  work 
that  before  the  pentane  lamp   can   be  considered  a   satisfactory 
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primary  standard  its  specifications  must  be  very  much  improved 
and  made  closer,  and  that  v^ill  require  international  action,  or  at 
least  ought  to  receive  international  consideration. 

There  are  at  least  four  different  things  in  which  we  should 
confer  with  other  countries.  One  is  in  regard  to  the  unit  of  light. 
We  have  what  we  call,  or  propose  to  call,  the  international  unit  of 
light  used  by  three  countries.  If  that  unit  could  be  extended  to 
the  whole  world,  very  great  advantage  would  result.  In  order  to 
do  so  requires  international  consideration.  There  is  also  the  ques- 
tion of  the  specifications  of  the  two  flame  standards.  If  they  should 
be  changed  in  this  country,  the  change  would  perhaps  not  be 
accepted  abroad.  In  order  that  they  may  be  accepted  and  be 
general,  internatiortal  consideration  must  be  given  to  the  question 
of  a  primary  standard ;  either  the  pentane  or  the  Kefner,  it  would 
seem  under  better  specifications,  would  be  a  fairly  good  primary 
standard.  There  are  also  subject  to  international  considerations 
the  methods  of  measurement  that  is,  the  matter  of  passing  from 
one  color  to  another  in  heterochromatic  photometry,  as  well  as  the 
nomenclature  question.  Instead  of  there  being  oniy  the  one  ques- 
tion of  nomenclature  there  are  four.  I  should  like  to  suggest  that 
at  the  proper  time  there  be  appointed  a  special  committee  by  this 
Society  to  consider  the  most  feasible  way  of  bringing  about 
international  agreement  and  uniformity  on  these  four  questions. 
Perhaps  this  is  not  the  proper  time  to  make  a  motion^  but  I  should 
like  to  see  the  Society  take  action  upon  the  subject. 


788     TRANSACTIONS  OF  II.I.UMINATING  E:NGINI;DRING  SOCIETY 

THE  VALUE  OF  ILLUMINATING  ENGINEERING  TO 
THE  COMMERCIAL  MAN/ 


BY  WII^IvIAM  J.   SDRRILIy. 


The  writer  has  heard  the  opinion  expressed  that  illuminating 
engineering  is  an  abstruse  technical  science,  with  only  an  indi- 
rect, or  remote,  bearing  on  practical  questions;  and,  consequent- 
ly, that  the  commercial  man  of  the  electrical  or  gas  interests, 
can  derive  little  of  benefit  from  the  study  of  this  science,  or 
from  attendance  at  the  meetings  of  the  Illuminating  Engineer- 
ing Society.  The  object  of  this  paper  is  to  show  that  the  opin- 
ion here  described  is  erroneous. 

For  the  present  purpose,  the  subject  may  be  divided  into  three 
classes,  namely : — First,  the  design  and  development  of  light- 
ing units ;  secondly,  the  determination  of  the  light  distribution 
and  of  other  characteristics  of  the  available  units ;  and  thirdly, 
the  application  of  the  available  units  to  the  spaces  to  be  lighted, 
as  determined  by  the  illumination  requirements. 

It  is  evident  that  the  commercial  man  is  dependent  upon  the 
illuminating  engineer  for  the  design  and  development  of  the 
electric  and  gas  lamps  which  he  has  available  to  offer  to  the 
public.  The  physical  and  chemical  principles  underlying  both  of 
these  forms  of  illuminants  are  abstruse,  and  each  has  reached 
its  present  efficient  form  through  invention  and  research  on  the 
part  of  scientific  men.  The  commercial  man  may  well  say,  "It 
is  not  necessary  for  me  to  master  these  scientific  principles;  I 
accept  with  thanks  and  put  on  the  market  the  latest  products  of 
such  invention;  if  I  am  free  to  criticise,  and  to  state  what  my 
experience  as  a  salesman  indicates  is  required  by  the  public,  and 
if  the  engineers  meet  these  requirements,  I  am  satisfied." 

It  may  be  admitted  that  the  commercial  man  need  not  master 
the  principles  underlying  the  design  of  lighting  units,  but  the 
statement  just  put  into  his  mouth  shows  how  essential  is  a  con- 
stant co-operation  and  exchange  of  opinion  between  the  com- 
mercial man,  and  the  laboratory  man.     The  latter  is  to  a  large 

1  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Baltimore,  October  24  and  25,  1910. 
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extent  dependent  upon  the  former  for  a  knowledge  of  the  pub- 
he  taste,  and  of  the  extent  to  which  the  pubhc  purse  will  be 
opened  to  its  gratification.  In  addition,  the  commercial  man 
will  understand  the  requirements  demanded  by  the  various  kinds 
of  buildings  and  of  occupations,  as  affecting  such  points  as  the 
size  of  the  unit,  the  distribution  of  light  from  it,  its  color,  its 
daylight  appearance,  etc.  The  association  together  of  these  two 
classes  of  men  at  the  sectional  and  annual  meetings  of  this 
Society  cannot  fail  to  be  of  benefit  to  the  art  of  illumination. 
If  on  this  point,  it  may  seem  to  the  coimmercial  man  that  he 
imparts  more  than  he  receives,  he  should  realize  that  it  is  in  a 
good  cause,  and  will  result  in  the  production  of  more  efficient 
units,  better  adapted  to  the  requirements  of  the  consuming 
pubhc. 

It  is  evident  that  the  commercial  man,  having  at  his  command 
an  assortment  of  lighting  units,  must,  in  his  effort  to  sell  them, 
be  possessed  with  a  thorough  knowledge  of  the  salient  charac- 
teristics of  each  of  the  units.  For  this  knowledge,  he  is  de- 
pendent upon  the  illuminating  engineer.  The  illuminating  engi- 
neering laboratory  with  which  the  writer  is  connected,  has  fur- 
nished, or  is  now  engaged  in  preparing,  information  regarding 
the  gas  lamps  that  are  being  sold,  as  follows : 

Light  distribution  curves  of  lamps  and  globes;  luminous  effi- 
ciencies of  lamps,  globes  and  mantles;  minimum  distance  from 
the  ceiling  it  is  safe  to  hang  the  lamps;  safe  distance  under 
awnings  for  outdoor  lamps ;  windproof  qualities  of  outdoor 
lamps ;  relative  emission  of  radiant  heat  from  gas  and  electric 
lamps ;  relative  intrinsic  brilliancy  of  lamps  fitted  with  assorted 
glassware;  proper  heights  of  lamps  of  various  types,  suitable 
for  various  purposes;  reflective  efficiencies  at  various  angles,  of 
various  lights  with  standard  wall  papers ;  absorption  co-efficients 
of  glassware;  ignition  devices;  color  values  of  the  light  from 
various  lamps;  strength  of  mantles;  adaptability  of  lamps  to  var- 
ious gases  and  pressures ;  loss  of  efficiency,  during  service,  of 
lamps  and  mantles;  examination  of  lamp  structure  and  sugges- 
tions for  remedy  of  structural  defects. 

Knowledge  of  the  kind  indicated  in  the  above  list  is  essential 
to  the  commercial  man  in  his  effort  to  sell,  and  to  meet  the 
competition    of    other    forms    of    illuminants.       Here  there    is 
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reached  another  point  which  emphasizes  the  importance  of  the 
commercial  man  attending  the  meetings  of  the  Illuminating  En- 
gineering Society.  At  the  meetings  he  learns  how  to  interpret 
and  utilize  the  data  furnished  by  the  laboratories.  The  sub- 
jects contained  in  the  above  list  are  of  the  sort  that  are  con- 
sidered and  discussed  at  the  meetings.  Any  salesman  listening 
to,  and  taking  part  in,  the  discussions,  thereby  improves  his 
efficiency  by  increasing  his  knowledge  of  the  thing  he  sells. 

Having  considered  the  laboratory  end  of  illuminating  engi- 
neering, and  having  shown  the  value  to  the  commercial  man 
of  his  participation  in  the  discussion  of  subjects  connected  with 
that  branch,  it  is  well  now  to  approach  the  third  division,  that 
of  applied  illuminating  engineering. 

In  considering  this  subject,  one  is  met  at  the  outset  by  the  start- 
ling fact  that  the  application  of  lighting  units  to  interiors  is, 
and  from  the  nature  of  conditions  must  be,  made  by  the  com- 
mercial man.  In  any  city,  the  electric  light  company  and  the  gas 
company,  through  their  canvassing  departments,  handle  such 
work.  There  is,  to  be  sure,  the  consulting  illuminating  engi- 
neer, who  may  plan  a  fraction  of  it,  but  it  remains  true  that 
the  great  bulk  of  lighting  installation  work  is  carried  on  by  the 
gas  and  electric  interests.  In  the  stress  of  competition,  these 
interests  actively  canvass,  and  thus  secure  the  work. 

Now  canvassing  for  light  is,  like  other  canvassing,  essentially 
commercial  work.  It  is  organized  and  carried  on  for  a  direct 
and  immediate  commercial  purpose,  and  it  must  be  directed  by 
a  commercial  head.  The  atmosphere  of  a  department  where 
canvassing  is  carried  on,  should  be  charged  with  the  commercial 
spirit.  Engineering  departments,  from  the  nature  of  their  du- 
ties, do  not  develop  among  their  employees,  the  selling  instinct. 
The  writer  does  not  mean  to  imply  that  an  engineering  education 
is  not  helpful  to  a  salesman,  or  to  any  one  in  charge  of  a  selling 
department.  The  point  he  wishes  here  to  make,  is  that  a  canvass- 
ing department,  to  be  successful,  should  be  organized  as  such, 
and   should    devote   its   energies   exclusively   to   that   purpose. 

In  canvassing  for  light,  the  conditions  are  such  that  generally 
the  character  of  the  installation  must  be  determined  by  the  can- 
vasser, during  his  visit  to  the  consumer's  premises,  and  fre- 
quently in  the  consumer's  presence.     The  stress  of  competition. 
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and  the  sensibilities  of  the  consumer,  generally  combine  to  make 
the  element  of  time  an  all-important  factor.  The  prospective 
customer  says:  "Here  is  an  interior.  Can  you  light  it  satisfac- 
torily? Can  you  improve  on  its  present  lighting?  How  much 
money  can  we  save  by  installing  your  system?"  In  order  to  se- 
cure the  work  at  all,  the  canvasser  must  be  prepared  to  give 
an  immediate  answer  to  these  questions,  and,  in  so  doing,  he 
is  determining  the  character  of  the  installation  his  company  will 
make,  in  case  it  gets  the  order.  In  other  words,  the  canvasser 
is  doing  the  applied  illuminating  engineering.  The  fact  that  the 
orders  so  taken  may  be  given  to  an  engineering  department  to 
install,  and  that  in  this  way,  the  plans  of  the  canvasser  may  be 
checked,  and  corrected  if  mistaken,  is  not  to  the  point.  Oc- 
casionally such  a  change  might  be  made,  but  many  cases  of 
this   kind  would   seriously  affect  the  business. 

Having  shown  that  practical  considerations  force  the  appli- 
cation of  lighting  units  to  interiors  into  the  hands  of  the  can- 
vasser, it  should  be  unnecessary  to  furnish  an  additional  argu- 
ment toward  the  education  of  the  canvasser  in  the  principles  of 
illumination.  Each  company  must  solve  for  itself  the  problem 
of  imparting  this  education ;  upon  its  success  will  depend  whether 
or  not  the  interiors  covered  by  its  field  of  operations,  are  prop- 
erly lighted.  In  the  writer's  opinion,  the  Illuminating  Engi- 
neering Society  should  become  an  active  factor  in  the  education 
of  the  lighting  canvasser.  Especially  should  the  local  sections 
take  an  active  part.  In  these,  more  time  should  be  given  to  dis- 
cussions of  actual  installations.  Such  installations,  illustrated 
by  diagram  or  photographic  slide,  when  criticised  and  discussed 
in  public  meeting,  have  a  high  educational  value.  Commercial 
men,  members  of  local  sections,  should  be  encouraged  to  present 
descriptions  of  such  installations,  and  of  interesting  problems, 
that  arise  in  their  experience. 

The  Illuminating  Engineering  Society  has  been  adversely  criti- 
cised for  devoting  its  energies  too  exclusively  to  the  abstract 
chemical,  physical  and  physiological  problems  that  pertain  to  the 
profession.  Even  if  the  charge  be  true,  the  adverse  criticism  is 
not  deserved.  The  profession  of  Illuminating  Engineering  is 
emerg^ing  from  the  state  of  infancy;  it  is  proper  that  the  scientific 
principles  which  underlie  the  profession  should  have  been  mas- 
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tered,  before  the  more  practical  phases  of  the  subject  come  to 
the  fore.  The  Society  is  now  in  position  to  devote  more  time 
to  the  latter.  It  has  been  suggested  that  the  annual  sessions 
should  consume  four  days,  two  being  devoted  to  the  scientific, 
and  two  to  the  practical,  branches  of  the  profession.  The  purely 
commercial  phases  of  the  sale  and  introduction  of  lamps  should 
probably  not  be  considered  by  this  Society. 

At  this  point  some  commercial  man  arises  and  protests  some- 
what as  follows :  "The  practice  of  illumination  is  an  art,  and 
the  main  qualification  of  the  person  who  practices  this  art  is 
experience  combined  with  common  sense.  It  may  be  true  that 
the  art  is  based  on  scientific  principles,  more  or  less  abstruse, 
but  a  knowledge  of  these  principles  is  not  essential,  any  more 
than  in  the  art  of  preparing  food,  the  expert  cook  must  be  ac- 
quainted with  the  chemical  and  physical  changes  brought  about 
by  the  application  of  heat  to  animal  and  vegetable  tissue.  I 
grant  my  man  must  be  thoroughly  familiar  with  the  lighting 
units,  and  the  accompanying  glassware,  and  must  be  able  to 
interpret  the  light  distribution  curves  and  other  data  furnished 
by  the  laboratories,  but  when  it  comes  to  the  actual  application 
of  the  units  to  the  space  to  be  lighted,  judgment  based  on. ex- 
perience, is  the  only  tool  he  needs.  There  may  be  some  cases 
of  such  complication  that  he  may  need  the  advice  of  an  expert 
illuminating  engineer,  but  they  are  few  and  far  between.  Prac- 
tical conditions  in  most  cases  prevent  an  ideal  arrangement  of 
the  lamps ;  these  practical  conditions  are  so  numerous  and  so 
compelling  as  to  become  the  dominant  factors,  so  that  the  best 
illumination  obtainable  is  a  compromise.  Outlets  are  fixed,  and 
it  is  expensive  or  inexpedient  to  change  them ;  the  ceilings  are 
low ;  columns,  showcases,  balconies,  etc.,  interfere ;  these  and 
numerous  other  practical  consideration  are  such  that,  in  the  great 
majority  of  cases,  the  installation  made  by  the  consulting  il- 
luminating engineer,  after  calculating  the  illumination  at  all 
parts  of  the  room,  will  be  identical  with  that  made  by  an  ex- 
perienced man,  using  nothing  but  his  judgment  as  a  guide." 

The  above  remarks  of  our  commercial  friend  are  interesting, 
and  contain  considerable  of  truth,  but  there  is  in  them  no  ar- 
gument against  the  proposal  to  educate  the  lighting  canvasser  in 
the  principles  that  underlie  practical  illumination.     No  one  can 
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argue  that  a  knowledge  of  these  principles  will  detract  from  this 
man's  efficiency;  very  few  will  have  the  temerity  to  argue  that 
such  a  knowledge  will  not  be  of  positive  value  to  him. 

The  practice  of  illumination  is  indeed  an  art,  but  is  it  not 
also  something  more,  namely,  a  profession  ?  Those  arts  in  which 
the  processes  are  so  simple  that  no  knowledge  of  the  underly- 
ing principles  is  needed  in  order  to  practice  them,  are  arts  pure 
and  simple;  in  proportion  as  the  processes  become  complex  and 
involved,  and  as  the  problems  contain  many  variable  quantities, 
a  knowledge  of  these  principles  becomes  essential,  and  the  art 
merges  into  a  profession.  Shining  shoes  and  washing  clothes 
are  arts  in  which  the  processes  are  simple,  requiring  on  the  part 
of  the  boot-black  and  washer-woman  no  knowledge  of  the  chemi- 
cal and  physical  changes  involved.  Cooking  is  to  a  certain  ex- 
tent such  an  art,  but  the  frequently-urged  claim  that  it  is  prac- 
tically a  lost  art,  is  due  to  the  fact  that  most  of  the  cooks  are 
"practical"  cooks,  and  that  too  little  attention  is  paid  to  a  know- 
ledge of  the  underlying  principles.  The  more  complex  the  prob- 
lems involved  in  illumination,  the  more  numerous  the  practical 
obstacles,  the  more  essential  becomes  a  knowledge  of,  and  a  con- 
stant reference  to,  the  principles  which  underlie  the  profession 
of  illuminating  engineering. 

A  word  of  re-assurance  may  here  be  advisable,  lest  the  com- 
mercial man  be  frightened  at  the  vast  extent  of  learning  that 
is  expected  of  him.  The  Transactions  of  this  Society,  as 
one  turns  them  over  page  by  page,  present  many  formidable 
propositions  to  any  one  who  is  not  a  trained  scientist  or  an  ex- 
pert mathematician.  The  commercial  man  may  be  comfortable 
in  the  thought  that  these  are  not  for  him.  The  principles  he 
needs  are  relatively  simple,  and  such  as  he  can  easily  grasp,  if 
he  appreciates  their  importance,  and  seriously  applies  himself 
to  them.  He  should  learn  how  to  determine  the  amount  of  il- 
lumination from  the  curve  of  the  lighting  unit  when  the  units 
are  spaced  at  any  given  distance  and  height;  and  how  to  allow 
for  the  effects  of  reflection  from  walls  and  ceiling.  He  should 
maintain  a  drawing  board  for  his  own  use,  and  should  use  it 
constantly,  never  guessing  at  the  result  when  it  may  be  ascer- 
tained by  proper  calculation.  Most  formulas  that  he  needs  in 
his   work   are    given    in    table    form    for   his    convenience,    and 
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constants  are  provided  for  his  use ;  it  is  not  absolutely  nec- 
essary that  he  should  understand  the  derivation  of  the  formu- 
las, or  the  laws  on  which  the  constants  are  based,  but  the 
more  he  understands  of  them  the  better.  He  should  practice 
to  think  and  judge  of  illumination  in  definite  units, — in  foot- 
candles  ;  and  to  enable  him  to  do  this,  he  should  understand 
the  use  of  the  portable  illuminometer,  and  make  constant  use 
of  this  instrument  in  reading  the  actual  illumination  obtained 
by  the  equipments  he  installs.  There  is  no  better  way  to  train 
the  judgment  than  this  constant  checking  of  calculations  by  re- 
sults. He  should  be  a  constant  attendant  at  the  meetings  of  one 
of  the  local  sections  of  this  society;  even  although  he  may  not 
follow  every  argument  or  calculation,  he  will  surely  absorb  from 
every  discussion  some  grain  of  knowledge  which  will  enable  him 
more  intelligently  to  meet  the  demands  of  his  calling. 

The  profession  of  illuminating  engineering  deals  with  an  im- 
portant subject,  fraught  with  grave  consequences  to  the  future 
of  our  race.  Conserving  the  most  vital  one  of  those  five  senses 
which  form  the  connecting  links  between  the  personality  of  the 
individual  and  the  physical  world,  it  is  destined  to  exercise  an 
important  influence  on  the  progress  of  civilization.  It  enlists  the 
services  of  the  physicist,  the  chemist,  the  mathematician,  the 
physiologist,  the  oculist,  the  manufacturer,  the  architect,  the 
artist ;  and  in  this  list  the  commercial  man  holds  an  honorable 
and  commanding  position.  No  one,  two,  or  three,  of  the  types 
of  men  here  named,  can  solve  the  multifarious  problems  of  the 
profession.  It  requires  the  services,  and  the  co-operation  of 
them  all.  The  profession  cannot  afford  to  have  any  one  of  them 
hold  aloof;  and  it  will  prosper  in  proportion  to  the  degree  of 
co-operation,  and  of  interchange  of  opinion,  that  is  maintained, 
and  to  the  extent  to  which  those  individuals  who  compose  each 
group,  endeavor  to  broaden  their  views  by  obtaining  as  great  a 
knowledge  as  possible  of  the  activities  of  the  other  groups. 
The  commercial  man  cannot  afford  to  remain  ignorant  of  the 
progress  of  illuminating  engineering.  The  best  basis  upon  whicli 
to  build  the  knowledge  and  experience  of  salesmanship  in  this 
commodity,  is  a  familiarity  with  the  principles  of  illuminating 
engineering. 
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THE   VALUE  OF  ILLUMINATING  ENGINEERING  TO 
THE  MANUFACTURER.^ 


BY  V.  R.  LANSINGH. 


The  different  classes  of  manufacturers  who  are  engaged  in 
supplying  things  necessary  for  artificial  lighting  and  who  are 
directly  benefited  by  the  subject  of  illuminating  engineering  may 
be  roughly  classified  as   follows : 

A.  The  manufacturer  of  artificial  illuminants. 

B.  The  manufacturer  of  shades  and  reflectors. 

C.  The  manufacturer  of  appliances  used  with  artificial  lighting. 

D.  The  manufacturer  of  contributing  apparatus ;  that  is  to  say, 
apparatus  which  is  necessary  finally  to  produce  artificial  light. 

E.  The  manufacturer  of  electricity  or  gas ;  for  example,  the 
central  station  or  the  gas  plant.  This  last  class  is  covered  in 
convention  papers  by  Messrs.  Serrill  and  Gilchrist  and  con- 
sequently will  not  be  considered  here. 

Taking  up  the  first  class ;  namely,  the  manufacturer  of  illumi- 
nants, this  can  be  divided  into  four  sections ;  namely,  electric,  gas, 
acetylene,  gasoline.  In  the  scope  of  this  paper  it  will  not  be 
necessary  to  analyze  the  value  of  each  of  these  divisions  separate- 
ly, but  they  can  be  considered  as  a  whole. 

A.    BENEFITS    TO    THE    MANUFACTURER   OF   II^LUMINANTS. 

The  products  put  out  by  the  manufacturer  will  be  used  more 
correctly  and  consequently  will  give  better  satisfaction,  which 
will  lead  to  their  wider  use. 

By  a  knowledge  of  illuminating  engineering,  new  fields  for  the 
manufacturer  will  be  opened  up. 

A  knowledge  of  illuminating  engineering  will  teach  the  con- 
sumer to  choose  correctly  the  character  of  illuminant  desirable 
for  the  work  in  hand  which  will  lead  to  a  wider  extension  of  such 
illuminant  for  such  work. 

Illuminating  engineering  improves  the  quality  of  the  manu- 
facturers' product. 

1  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Rngfineer- 
ing  Society,  Baltimore.  October  24  and  25,  1910. 
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Illuminating  engineering  teaches  the  salesman  of  the  manu- 
facturer to  solicit  business  intelligently,  placing  him  in  a  decided- 
ly advantageous  position  over  his  competitor  who  has  not  this 
knowledge. 

It  puts  the  manufacturer  employing  such  methods  above  his 
competitors  not  employing  them,  making  it  therefore  more  easy 
to  sell  his  goods. 

These  advantages  may  well  be  discussed  more  in  detail.  One 
of  the  greatest  complaints  of  the  manufacturer  of  illuminants  is 
that  the  public  does  not  use  his  product  as  it  is  intended  to  be 
used  and  consequently  the  customer  does  not  get  the  satisfaction 
which  he  was  led  to  expect  from  the  manufacturer's  statement. 
Thus,  in  the  case  of  the  incandescent  electric  lamp,  the  customer 
orders  a  lamp  of  no  volts  when  perhaps  he  should  have  ordered 
one  for  a  ro5-volt  circuit.  The  result  is  dissatisfaction  and 
results  in  the  loss  of  future  business  to  the  manufacturer  supply- 
ing the  lamps.  In  the  case  of  the  yellow  flaming  arc  lamp,  it  is 
sometimes  seen  in  front  of  a  store  window  where  the  storekeeper 
is  attempting  to  show  color  values.  The  bad  results  consequent- 
ly obtained  may  lead  to  the  condemnation  of  the  lamp  simply  be- 
cause it  was  used  in  the  wrong  place.  A  notable  example  of  this 
was  the  use  of  the  mercury-vapor  lamp  in  its  early  days  in  many 
places  where  it  should  not  have  been  employed  with  the  con- 
sequent condemnation  of  the  lamp,  which  greatly  retarded  its 
introduction  in  such  places  where  it  was  entirely  suitable.  Sim- 
ilar examples  might  be  cited  in  other  fields,  but  those  given  will 
probably  make  the  point  clear. 

It  is  self-evident  that  a  knowledge  of  illuminating  engineer- 
ing opens  up  new  fields  which  heretofore  were  unavailable.  For 
example,  in  automobile  head-lamps  the  field  was  almost  entirely 
in  the  hands  of  the  acetylene  industry  until  by  the  introduction 
of  illuminating  engineering  principles  (illuminating  engineering 
is  here  used  in  its  broadest  sense)  the  manufacturer  of  electric 
appliances  has  been  able  to  compete  successfully.  This  condition 
required  a  thorough  knowledge  on  the  part  of  the  manufacturer, 
not  only  of  the  manufacture  of  a  suitable  lamp  and  the  proper 
length,  shape  and  position  of  its  filament,  but  also  the  use  of  it 
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in  conjunction  with  the  proper  reflector  with  an  adjustable  meth- 
od of  focusing.  Had  not  all  of  these  combinations  been  properly 
employed  the  field  would  have  been  closed  to  the  manufacturer 
of  the  incandescent  electric  lamp.  It  is  exactly  along  similar  lines 
that  the  acetylene  industry  has  gained  such  a  hold  in  automobile 
lighting  as  compared  with  the  lighting  by  means  of  oil  lamp  first 
employed  and  still  employed  on  many  automobiles. 

In  the  industrial  field  it  is  found  that  knowledge  of  illumi- 
nating engineering  is  of  the  utmost  importance  to  the  manu- 
facturer of  electric  illuminants,  as  is  evidenced  by  the  fact  that 
one  interest  has  devoted  some  $50,000  toward  making  investiga- 
tion as  to  the  requirements  and  the  method  of  solving  the  problem 
of  industrial  lighting.  Before  the  manufacturer  can  hope  to 
invade  such  fields  he  must  make  a  thorough  study  of  all  the  con- 
ditions, such  as  the  placing  of  the  units,  the  size  of  the  lamp,  the 
height  above  the  floor,  the  color  of  the  light,  and  many  other 
problems  which  can  only  be  solved  by  a  thorough  study.  Ex- 
amples of  the  benefits  to  be  derived  by  the  manufacturer  in  the 
study  of  these  problems  might  be  multiplied  many  times,  but  one 
other  example  will  suffice.  In  the  field  of  street  lighting  the  old 
open  direct-current  arc  lamp  giving  the  maximum  candle-power 
at  45°  was  almost  universally  employed  in  the  early  days  of 
electric  street  lighting.  A  careful  study  of  the  problem  showed 
that  these  lamps  were  far  from  being  ideal  for  street  lighting, 
and  a  thorough  study  of  the  problem,  which  is  still  being  con- 
tinued, has  shown  that  illuminants  of  different  characteristics 
are  desirable,  and  there  has  therefore  been  introduced  for  such 
work  the  enclosed  arc,  the  magnetite  arc,  the  flaming  arc,  as  well 
as  different  forms  of  incandescent  electric  illuminants.  In  the 
case  of  gas  street  lighting,  the  old  open  flame  burner  has  been  al- 
most entirely  superseded  by  the  mantle  burner,  either  singly  or  in 
clusters,  as  for  example  the  high-power  high-pressure  incandes- 
cent gas  mantles  used  for  lighting  many  of  the  cities  of  England 
and  the  Continent.  It  was  only  by  a  knowledge  of  the  distribu- 
tion and  character  of  the  light  that  the  manufacturer  has  been 
able  to  introduce  his  product  against  the  competition  of  the  older 
and  more  firmlv  established  illuminants. 
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A  knowledge  of  illuminating  engineering  improves  the  quality 
of  the  manufacturers'  product.  The  manufacturer  who  would 
improve  his  product  calls  to  his  aid  many  of  the  different  branch- 
es of  illuminating  engineering  using  this  term  in  its  broadest 
sense.  He  calls  upon  the  chemist,  the  physicist,  the  glass  maker, 
the  shop  process  man,  the  selling  organization  for  their  ex- 
perience in  things  desirable,  and  by  means  of  all  of  these  the 
product  is  gradually  raised  in  quality,  due  to  the  wider  know- 
ledge of  illuminating  engineering.  For  example,  in  this  country 
the  quality  of  the  incandescent  carbon  lamp  has  gradually  been 
raised  so  that  to-day  a  lamp  of  from  2.5  to  3  watts  per  candle  is 
obtainable,  where  formerly  for  the  same  length  of  life  a  con- 
sumption of  from  3  to  3.5  and  even  4  watts  per  candle  was  neces- 
sary; while  in  England,  where  little  is  as  yet  known  of  il- 
luminating engineering  and  where  commercial  methods  have  not 
the  same  tendency  to  advance  it  as  they  do  here,  the  lamps  reach  as 
high  as  8  or  even  10  watts  per  candle  resulting  most  disastrously  to 
the  introduction  of  electric  light  in  com.petition  with  gas.  Sum- 
ming up,  therefore,  it  may  be  safely  stated  that  one  of  the  greatest 
values  of  illuminating  engineering  to  the  manufacturer  is  the 
resultant  improvement  in  the  quality  of  the  illuminant  he  makes. 

It  teaches  the  salesman  to  solicit  business  intelligently  and  a 
salesman  equipped  with  a  knowledge  of  illuminating  engineering 
cannot  be  placed  in  the  same  class  as  one  without  this  knowledge. 
This  is  so  well  recognized  to-day  that  the  trained  illuminating 
engineers  who  also  have  selling  ability,  command  the  higher 
salaries  and  are  of  far  greater  value  to  the  manufacturer  than 
those  without  this  knowledge.  This  condition  is  so  rapidly  in- 
creasing that  with  the  growing  knowledge  of  illuminating  engi- 
neering among  the  buying  public,  the  companies  whose  salesmen 
have  been  best  educated  in  illuminating  engineering  are  those 
who  are  making  most  rapid  progress. 

In  a  like  manner  it  puts  the  manufacturer  using  illuminating 
engineering  above  his  competitors  who  are  not  employing  such 
methods,  for  the  manufacturer  is,  after  all,  nothing  but  a  sales- 
man, and  what  is  true  of  the  salesman  is  also  true  of  the  manu- 
facturer.    This  is  well  evidenced  by  the  recent  rapid  progress 
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made  by  the  manufacturers  of  incandescent  electric  and  gas  il- 
luminants  who  have  made  illuminating  engineering  departments 
part  of  their  regular  organization. 

B.    BENEFITS  TO  THE  MANUFACTURER  OF  SHADES  AND  REFl^ECTORS. 

To  the  manufacturer  of  ordinary  glass  shades  which  are 
designed  primarily  for  decorative  or  diffusing  purposes,  a  know- 
ledge of  illuminating  engineering  is  of  value.  As  an  example 
can  be  taken  the  question  of  the  color  of  illuminants  and  its 
relation  to  the  glassware  used.  Thus  if  a  glass  manufacturer 
wished  to  obtain  a  glass  for  home  lighting  which  would  give  a 
warm  color  to  the  eye  but  at  the  minimum  loss  by  absorption,  he 
would  employ  a  different  glass  for  tungsten  lamps  from  that  he 
would  use  with  carbon,  since  in  the  latter  case  it  is  not  necessary 
to  employ  as  much  color  as  in  the  former.  Similar  examples 
of  the  value  of  illuminating  engineering  to  other  branches  of 
ordinary  decorative  glassware  might  be  easily  multiplied,  es- 
pecially in  the  physiological  and  psychological  effects  it  is 
desired  to  produce. 

In  discussing  however,  the  subject  of  reflectors,  it  is  at  once 
evident  that  a  thorough  knowledge  of  illuminating  engineering 
not  only  in  its  broadest  sense  but  in  its  more  narrow  and  usual 
application,  must  be  employed.  Thus,  in  the  case  of  prismatic 
reflectors,  there  are  all  sorts  of  candle-power  distributions  which 
have  been  obtained  to  fit  different  conditions,  as  for  example, 
the  so-called  "extensive,"  "intensive"  and  "focusing"  forms  of 
distribution,  all  of  which  have  been  designed  to  fulfill 
lighting  conditions  which  it  would  have  been  impossible  to  pro- 
duce or  even  know  the  requirements  of  without  a  proper  know- 
ledge of  illuminating  engineering.  In  fact  such  glassware  is,  as 
a  rule,  designed  after  the  requirements  have  first  been  laid  down 
in  accordance  with  the  principles  of  illuminating  engineering. 
Take,  for  example,  the  case  of  a  recent  type  of  street  reflector, 
in  which,  after  a  theoretical  investigation  it  was  found  desirable 
to  have  a  candle-power  distribution  such  as  shown  in  Fig.  i.  Fig. 
2  shows  the  actual  curve  finally  obtained  by  the  proper  design  of 
the  reflector  and  lamp  and  is  perhaps  as  good  an  example  as 
could  be  used  of  the  value  of  illuminating  engineering  in  this 
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class  of  work.  It  is  self-evident  that  new  fields  are  being  opened 
up  from  time  to  time  by  a  study  of  the  requirements  through  the 
aid  of  illuminating  engineering.  The  same  careful  work  is  not 
only  being  done  in  the  case  of  prismatic  reflectors  but  also  with 
other  types ;  for  example,  in  the  case  of  a  type  of  reflector 
designed  to  give  an  asymetrical  distribution  throwing  the  light  up 
and  down  the  street  which  was  designed  after  a  study  of  the 
requirements  had  shown  the  necessity  for  a  very  broad  candle- 
power  distribution  in  which  the  flux  of  light  was  largely  confined 
to  the  street  rather  than  spread  uniformly  into  surrounding 
space.  In  the  case  of  indirect  lighting  there  is  another  example, 
where,  by  careful  design,  distribution  curves  have  been  obtained 
which  will  give  maximum  efficiency  for  this  system  of  lighting. 
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Figs.  I  and  2.— Ideal  and  actual  candle-power  distributions. 

As  a  matter  of  fact,  the  proper  design  of  reflectors  could  hardly 
be  said  to  exist  were  it  not  for  a  proper  knowledge  of  illuminat- 
ing engineering,  and  these  two  must  of  necessity  go  hand  in  hand. 
It  is  for  this  reason,  probably,  that  the  manufacturers  of  shades 
and  reflectors  were  the  first  to  recognize  the  value  of  illuminat- 
ing engineering,  and  they  have  done  all  in  their  power  to  spread 
the  art  among  the  public  as  well  as  among  those  directly  interested. 

C.   VAEUE  TO   THE    MANUFACTURER   OF   APPEIANCES. 

Under  this  heading  can  be  included  all  those  devices  which 
are  directly  applicable  to  the  illuminants  themselves.  Thus,  there 
are  the  fixtures  used  to  support  the  illuminants  and  their  shades 
or  reflectors ;  the  burners  in  connection  with  mantle  gas  lighting : 
the  sockets  for  electric  lamps ;  the  tips  for  open  gas  and  acetylene 
lighting,    as    well    as    numerous   other   appliances.     The    fixture 
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manufacturer  has  been,  generally  speaking,  slow  to  recognize  the 
value  of  illuminating  engineering  as  applied  to  his  art;  but  to- 
day the  most  progressive  houses  are  recognizing  its  value  and  are 
accordingly  taking  advantage  of  it,  much  to  their  financial  benefit, 
especially  in  commercial  lighting.  The  lighting  of  a  great 
majority  of  stores,  office  buildings  and  other  commercial  places 
is  to-day  being  done  by  units  which  are  properly  supported  by 
fixtures  designed  to  give  definite  results.  This  is  equally  true 
of  both  gas  and  electricity.  The  result  has  been  that  within  the 
last  fi.ve  years  the  types  of  fixtures  for  lighting  such  buildings 
and  places  have  been  entirely  revolutionized,  and  those  manu- 
facturers who  do  not  take  advantage  of  the  knowledge  of  il- 
luminating engineering  necessary  to  obtain  the  desired  results, 
must  of  necessity  fall  behind  in  the  race.  Even  in  the  case  of 
more  decorative  plans  where  efficiency  is  of  secondary  considera- 
tion, a  knowledge  of  illuminating  engineering  is  beginning  to 
tell.  In  the  home  to-day,  for  example,  the  educated  customer 
is  beginning  to  insist  that  his  house  shall  not  only  be  properly 
lighted  from  an  artistic  standpoint  but  also  from  an  economical 
and  physiological  standpoint,  and  the  manufacturer  who  can 
take  advantage  of  these  conditions  is  the  one  who  will  get  the 
business.  It  will  therefore  be  evident  that  a  knowledge  of  il- 
luminating engineering  in  the  proper  design  of  fixtures  to  fit  the 
conditions  at  hand  is  also  of  value. 

In  the  case  of  burners  for  mantle  gas  lamps  the  question  of 
price  is  of  secondary  consideration.  This  is  evidenced  by  the 
fact  that  the  majority  of  the  business  of  the  country  for  this  line 
is  controlled  by  one  company ;  this  is  due  to  the  quaUty  of  its 
apparatus  rather  than  a  question  of  price.  Such  burners,  being 
designed  along  scientific  lines  and  with  the  ideas  of  illuminating 
engineering  used  in  its  broad  sense,  have  become  standard  for 
this  class  of  work  throughout  the  country.  The  fact  that  the 
company  above  mentioned  is  employing  illuminating  engineering 
methods  and  is  the  foremost  one  in  the  gas  field,  fully  bears  out 
the  point  mentioned. 

A  similar  line  of  argument  might  be  used  in  the  case  of  acety- 
lene burners,  sockets  and  other  material  directly  used  in  the  sup- 
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port  of  illiiminants ;  but  sufficient  has  been  given  here  for  the 
purposes  in  hand. 

D.    VALUE   TO   THE    MANUFACTURER   OF   CONTRIBUTING    APPARATUS. 

The  value  to  this  class  of  manufacturers  is  indirect  rather  than 
direct,  but  that  its  value  is  great  no  one  would  deny.  Thus  in 
the  incandescent  electric  lamp  field  the  extension  during  the  past 
few  years  into  new  fields  has  been  tremendous,  all  of  which 
means  a  larger  demand  for  apparatus  of  all  kinds.  The  manu- 
facturer of  the  electric  generator,  the  steam  boiler  and  all  the 
other  necessary  parts  to  a  generating  station, — conduits,  wire, 
porcelain,  and  all  the  appliances  necessary  for  the  distribution  of 
electrical  energy,  have  been  greatly  benefited  by  the  large  in- 
crease in  the  use  of  electric  energy,  by  reason  of  a  more  thorough 
appreciation  of  its  advantages  by  the  pu])lic,  which  have  been 
largely  caused  by  the  correct  use,  due  to  a  knowledge  of  il- 
luminating engineering,  either  on  the  part  of  the  customer  or 
those  responsible  for  the  sale  of  the  illuminants.  That  this  is  of 
great  practical  value  is  recognized  by  the  great  electrical  jobbing 
fraternity  of  the  country,  who,  when  asked  by  a  prominent  manu- 
facturer whether  they  would  rather  have  a  larger  margin  of  pro- 
fit and  have  the  educational  work  in  illuminating  engineering 
by  the  manufacturer  cease,  or  have  their  present  margin  of  profit 
with  the  educational  work  in  illuminating  engineering  continued, 
stated  that  owing  to  the  large  increase  in  sales  of  contributing 
apparatus  as  well  as  the  direct  illuminants  and  their  accessories, 
they  would  much  prefer  to  have  the  missionary  work  in  illuminat- 
ing engineering  continued. 

CONCIvUSlONS. 

It  is  seen  from  the  examples  cited  above  that  illuminating 
engineering  is  of  great  benefit  to  the  manufacturer  of  all  sorts  of 
apparatus  used  in  connection  with  artificial  lighting,  either  di- 
rectly or  indirectly,  and  the  fact  that  large  sums  of  money  are  be- 
ing spent  to  further  the  knowledge  of  illuminating  engineering 
is  ample  evidence  of  the  correctness  of  this  statement. 
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PRACTICAL  VALUE  OF  ILLUMINATING  ENGINEER- 
ING TO  THE  CENTRAL  STATION.^ 


BY   JOHN   F.   GILCHRIST. 


The  practical  value  of  illuminating  engineering  to  the  cen- 
tral station  is  the  value  which  a  very  high  order  of  education  on 
the  part  of  those  handling  the  selling  end  of  any  business  give 
to  that  business. 

When  a  person  enters  the  shop  of  a  large  dealer  in  porcelain 
and  china  and  meets  a  salesman  who  not  only  knows  his  stock  and 
what  is  being  manufactured  throughout  the  world  in  his  line  at 
the  present  day,  but  is  well  educated  in  the  history  of  porcelain 
and  china  manufacture,  and  knows  all  of  the  different  wares, 
their  values,  their  peculiarities;  one  whose  taste  is  cultivated 
to  the  point  of  dependability,  he  is  inspired  with  a  confidence 
which  assures  him  that  whatever  is  purchased  under  the  ad- 
vice of  this  salesman  will  bear  the  criticism  of  a  connoisseur, 
and  he  is  quite  likely  to  become  a  customer  of  that  shop. 

On  the  other  hand,  if  a  person  enters  another  shop  where 
there  is  an  equally  good  stock  and  assortment  of  goods,  and  is 
taken  in  hand  by  an  indifferent  salesman  who  can  only  lead  one 
to  the  counters  and  leave  him  to  grope  in  the  darkness  of  his 
own  inexperience,  he  is  more  than  likely  to  be  so  annoyed,  dis- 
gusted and  overcome  with  the  feeling  that  he  cannot  depend 
upon  his  own  judgment,  that  rather  than  take  the  chance  of 
making  a  mistake  he  will  defer  his  purshase  or  go  where  he 
can  get  good  advice.  By  this  experiment  one  can  demonstrate 
the  experience  and  results  which  will  follow  with  a  potential 
purchaser  of  electricity  for  lighting,  when  in  the  one  instance  he 
falls  into  the  hands  of  the  expert  who  has  equipped  himself  with 
a  thorough  knowledge  of  illuminating  engineering  and  in  the 
other,  he  is  waited  on  by  the  ordinary  inexperienced  solicitor 
generally  found  selling  electricity. 

In  other  words,  illuminating  engineering  is  simply  a  very  high 
order  of  information  and  intelligence  as  to  light,  the  quality, 

»  A  paper  presented  at  the  Fourth  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Baltimore,  October  24  and  25,  1910. 
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and  quantities,  and  arrangement  necessary  to  obtain  the  best 
results  for  given  purposes. 

There  can  be  no  doubt  as  to  the  very  great  desirabiUty  from 
the  standpoint  of  their  own  interests,  of  the  central  stations 
fostering  the  development  of  illuminating  engineering  and  the 
training  of  the  young  men  in  the  industry  to  a  thorough  know- 
ledge and  appreciation  of  the  fundamental  principles  of  proper 
illumination. 

Until  within  the  past  few  years  a  comparatively  small  num- 
ber of  men  in  the  electric  lighting  business  have  been  impressed 
with  the  importance  of  this  sort  of  intelligence  and  training, 
the  attention  of  most  of  the  best  minds  having  been  directed  to- 
ward the  development  and  operation  of  apparatus  for  the  gen- 
eration of  electricity,  and  to  the  engineering  problems  which 
pertain  to  the  transforming  and  the  distributing  systems  inci- 
dental to  the  supply  of  energy  to  customers  from  a  central  sta- 
tion plant.  It  is  only  recently  that,  through  the  work  of  spe- 
cialists advanced  in  their  profession  and  the  influence  of  the 
Illuminating  Engineering  Society  and  kindred  organizations, 
intelligent  attention  has  been  given  to  the  very  important  matters 
of  utilizing  the  light  produced,  in  the  most  proper,  hygienic, 
and  economical  ways. 

Under  this  new  order,  however,  remarkable  progress  has  al- 
ready been  made  in  the  development  of  illuminants  which  are 
more  economical  and  which  are  better  adapted  for  various  forms 
of  lighting  and  the  standard  of  artificial  illumination  has  been 
increased  more,  perhaps,  than  the  standard  of  any  other  modern 
product.  To  appreciate  this  fact  fully,  one  who  has  been  in  the 
business  for  any  considerable  length  of  time  has  only  to  com- 
pare the  illumination  in  the  store  of  some  conservative  custo- 
mer where  five  or  six  years  ago  he  laid  out  a  system  of  il- 
lumination in  which  he  took  great  pride,  and  which  has  not  sub- 
sequently been  changed,  with  what  he  considers  proper  present 
day  illumination  in  some  similar  store  recently  equipped. 

The  above  simple  observation  will  prove  several  things.  It 
will  prove  the  advance  in  the  standard  of  illumination.  It  will 
prove  to  those  who  have  looked  on  both  installations  as 
masterpieces  of  the  period  how  much  advancement  has  been 
made  in  the  knowledge  of  illuminating  engineering,  although  the 
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obtaining  of  this  education  may  have  been  involuntary  and  by  a 
process  of  absorption  rather  than  through  any  premeditated  effort 
and  the  old  unchanged  installation  by  its  very  rareness  will  prove 
to  what  an  extent  the  layman  has  acceded  to  the  compelling  force 
of  the  times  demanding  higher  standards  of  illumination. 

It  is  in  this  point  of  the  education  of  the  customer  that  one 
of  the  great  practical  values  of  illuminating  engineering  to  the 
central  station  lies.  The  progressive  layman  will  rarely  turn 
a  deaf  ear  to  reasonable  views  and  advice  tending  toward  bet- 
ter illumination.  Very  true,  most  users  of  electricity  hesitate 
to  increase  their  expense  but  the  central  station  man  has  often 
heard  the  statement  made  by  a  customer  somewhat  as  foUows: 
"I  believe  in  plenty  of  light.  I  am  not  satisfied  with  my  light- 
ing arrangements,  although  the  cost  seems  to  be  all  that  I  can 
stand.  Can  you  not  make  some  suggestion  which  will  give  me 
more  Hght  for  what  I  am  paying,  or  even  a  little  more  than  I 
am  paying?  If  I  could  get  three  or  four  times  the  amount  of 
illumination  for  an  increased  expenditure  of  from  50  to  100 
per  cent.,  I  would  very  gladly  make  the  arrangement."  This 
may  seem  to-day  to  be  rather  an  impossible  proposition,  but  it 
sounded  more  impossible  ten  years  ago,  and  yet  at  the  same 
price  per  kw.-hour  for  electricity,  the  customer's  wish  has  in 
that  period  been  more  than  met  as  the  result  of  the  great  devel- 
opment in  illuminants  themselves  and  the  greater  intelligence 
in   the   placing   of   these   illuminants. 

The  central  station  manager  should  wake  up  thoroughly  to 
the  fact  that  in  the  lighting  end  of  his  business  what  he  should 
sell  is  an  effective  and  useful  illumination,  and  not  merely  elec- 
tricity, but  he  cannot  sell  the  former  v^ithout  the  aid  of  repre- 
sentatives who  are  thoroughly  well  educated  and  up-to-date  in 
matters  of  illumination,  and  in  such  representatives  he  has  noth- 
ing more  nor  less  than  a  corps  of  illuminating  engineers,  despite 
any  prejudices  he  may  entertain. 

Leaving  for  a  moment  some  of  the  direct  advantages  of  il- 
luminating engineering  to  the  central  station,  there  is  an  indirect, 
though  none  the  less  practical,  advantage  which  should  not  be 
overlooked.  One  of  the  great  difficulties  in  organizing  a  depart- 
ment for  the  sale  of  electricity  for  lighting  purposes  is  the  diffi- 
culty in  obtaining  and  holding  the  services  of  men  in  these  de- 
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partments  who  have  had  engineering  training.  Their  incHna- 
tions  are  to  belittle  this  important  part  of  the  business  and  to 
secure  occupation  in  the  departments  of  operation  and  construc- 
tion of  plant.  This  is  undoubtedly  due  to  the  fact  that  they 
consider  that  these  other  departments  offer  better  opportunity 
for  the  use  and  development  of  their  technical  knowledge,  afford- 
ing, in  plain  language,  more  interesting  employment.  They  can 
hardly  be  blamed  for  holding  this  opinion  under  the  old  condi- 
tion of  things,  when  the  obtaining  of  an  electric  light  customer 
was  more  a  question  of  legs  than  of  brains.  However,  the  devel- 
opment of  illuminating  engineering  with  all  of  the  interesting 
problems  and  possibilities  is  rapidly  demonstrating  to  this  class 
of  men  that  there  is  a  great  deal  worthy  of  their  brains  and  tal- 
ents to  be  found  in  the  scientific  sale  of  illumination.  Conse- 
quently the  electric  light  companies  are  able  to  hold  in  their 
selling  departments  a  class  of  men  who  are  not  only  capable 
of  getting  good  practical  results,  but  who  are  abreast  of  the 
times  and  who  are  not  losing  any  opportunities  to  put  to  prac- 
tical use  very  promptly  new  ideas  which  are  developing  all  over 
the  world,  and  which  are  being  reported  weekly  in  the  columns 
of  the  technical  press. 

The  Illuminating  Engineering  Society  has  accomplished  a  vast 
amount  of  good  for  the  central  stations  in  the  work  which  it 
has  done  up  to  the  present  time.  Perhaps  it  has  not  received 
the  hearty  support  of  the  central  stations  in  the  way  that  it 
should  have  done,  but  the  work  is  only  begun  and  it  should 
feel  only  the  greatest  amount  of  encouragement  for  what 
it  has  accomplished  and  keep  on  in  a  larger  way  year  by  year. 
Central  station  managers  must  see  their  interests,  and  be  shown 
them  if  they  do  not  see  them,  and  a  larger  number  of  the  rank 
and  file  of  the  young  men  selling  illumination  must  be  secured 
as  members  of  the  Society  and  placed  within  the  influence  of  its 
educational  features. 

A  splendid  advance  has  been  made  in  the  course  of  lectures 
which  has  been  arranged  to  follow  the  convention  of  the  So- 
ciety, and  undoubtedly  a  large  number  will  take  advantage  of 
the  opportunity  offered,  but  unfortunately  whatever  this  num- 
ber is,  it  will  be  relatively  small  when  the  whole  num- 
ber of  men  in  the  business  is  taken   into  consideration.     The 
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Society  should  consider  some  means  of  extending  these  benefits 
to  a  very  much  greater  number  of  men  engaged  in  the  practical 
work  of  seUing  illumination  than  could  possibly  be  gathered 
together  at  any  one  place.  Results  could  possibly  be  accom- 
plished by  giving  this  form  of  instruction  from  several  centers, 
or  better  yet,  some  correspondence  arrangement,  with  examina- 
tions, etc.,  might  be  arranged  which  would  insure  the  proper 
amount  of  individual  work  on  the  part  of  students. 

With  the  proper  stirring  up,  there  should  be  no  difficulty 
in  providing  the  necessary  funds  for  such  courses  of  instructions, 
because,  from  the  standpoint  of  the  central  station,  there  is  no 
more  practical  work  in  the  industry  than  that  being  done  by  the 
Illuminating  Engineering  Society. 

DISCUSSION  OF  PAPERS  3Y  SERRILL,  LANSINGH 

AND  GILCHRIST. 

Mr.  G.  H.  Stickney: — Mr.  W.  D'A  Ryan,  when  he  found  he 
could  not  come  to  this  meeting,  asked  me  to  represent  him. 
While  to-day  no  one  doubts  the  commercial  value  of  illuminating 
engineering  to  lamp  manufacturers,  central  stations  and  others, 
the  condition  at  the  time  when  Mr.  Ryan  started  was  entirely 
different.  At  that  time  practically  no  attention  was  given  to  the 
lighting  performance  of  a  lamp  and  it  was  a  very  difficult  matter 
to  convince  people  that  it  was  worth  investigating  or  that  in- 
vestigations had  any  practical  value. 

The  improvement  in  artificial  illuminants  and  the  increased 
knowledge  regarding  their  right  use  has  extended  their  benefits 
to  all  classes  of  people.  To-day  many  processes  which  formerly 
required  daylight  are  carried  on  at  night  and  in  the  evening  and 
throughout  the  dark  winter  days.  Adequate  illumination  can 
now  be  provided  in  the  large  congested  city  districts  where  day- 
light is  not  available.  Thus,  all  industries  besides  those  con- 
nected with  the  actual  production  of  light  have  been  extended 
and  benefited. 

There  is  still  another  class  of  people  who  have  not  been 
discussed  in  the  papers  and  who  will  derive  a  direct  benefit 
from  illuminating  engineering,  namely,  the  architects.  The  Il- 
luminating Engineering  Society  should  give  a  great  deal  of  at- 
tention to  the  architects,  both  for  their  own  good  and  for  the 
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advancement  of  the  art.  There  are  a  few  architects  who  have, 
through  contact  with  illuminating  engineering  departments  of 
manufacturers  and  central  stations,  realized  the  value  of  illumina- 
ting engineering  and  taken  advantage  of  it,  but  as  a  body  the 
architects  still  fail  to  realize  that  illuminating  engineering  is 
essential  to  the  best  promulgation  of  their  work. 

Mr.  B.  B.  Rowe: — In  connection  with  the  use  of  tables,  forms 
and  constants  by  commercial  men,  attention  should  be  called 
to  the  need  of  constant  activity  on  the  part  of  the  manufacturer 
to  keep  "short  cut"  methods  and  constants  at  the  highest  stand- 
ard of  accuracy.  Mention  should  be  made  of  the  increased  use 
during  the  last  two  years  of  simple  methods  of  calculation,  par- 
ticularly the  so-called  "flux-of-light"  method.  In  that  method  as 
commonly  applied  there  are  several  errors.  One  is  the  depend- 
ence of  the  method  on  lamp  efficiency.  There  seems  to  be  a 
new  method  of  applying  these  constants  which  will  eliminate  that 
error.  By  changing  the  ''constants"  to  involve,  instead  of  watts, 
the  total  lumens  of  the  lamp,  one  can  eliminate  changes  in  lamp 
efficiency,  and  therefore  have  a  method  which  will  be  independ- 
ent of  improvements  in  manufacture.  This  statement  of  course 
is  applicable  to  gas  illuminating  engineering  as  well  as  to  elec- 
tricity. 

Mr.  H.  L.  Parker : — In  the  practical  application  of  illuminating 
engineering,  I,  as  well  as  many  others,  have  had  considerable 
trouble  with  electric  contractors  aiid  gas  fitters.  It  seems  that 
there  is  a  great  deal  of  indifference  on  the  part  of  the  average 
contractor  whether  he  employs  a  wireman  or  a  gasfitter  in 
placing  the  lighting  installations  which  someone  has  taken  the 
trouble  to  plan  carefully.  The  manufacturers  and  the  central 
stations,  have  organized  illuminating  engineering  departments 
the  services  of  which  are  open  to  the  public.  The  public  oc- 
casionally take  advantage  of  these  departments.  Some  one  spends 
time  in  elaborate  recommendations  for  the  proper  lighting  and 
installation  in  a  place,  but  when  the  plans  reach  the  contractor, 
they  are  not  carried  out.  Unless  some  compromise  can  be 
made  between  the  plans  and  what  the  wire  men  actually  do, 
the  result  is    dissatisfaction  to  the  customer. 

Without  discrediting  the  work  of  the  membership  committee, 
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I  wish  to  remind  them  that  there  are  now  about  i,6oo  members, 
while  there  are  over  5,000  central  stations  in  this  country,  and 
there  are  about  7,000  electrical  contractors.  It  seems  to  me 
there  should  be  at  least  one  member  in  each  of  the  stations 
somewhat  conversant  with  illuminating  engineering  principles. 

Mr.  B.  L.  BUiott : — As  we  have  just  heard,  there  are  some 
7,000  electrical  contractors  in  the  country.  The  electrical  con- 
tractor is,  by  the  very  nature  of  his  business,  an  illuminating  en- 
gineer. In  the  case  of  remodeled  installations  he  is  generally 
the  "first  aid"  that  the  customer  or  user  turns  to  for  informa- 
tion,— any  work  that  can  be  done  in  connection  with  the  or- 
ganization of  the  electrical  contractors,  to  create  a  greater  in- 
terest in  the  subject  of  illuminating  engineering  would  be  ex- 
cellent. 

Mr.  Norman  Macbeth : — There  is  no  doubt  that  every  word 
in  Mr.  Lansingh's  paper  is  important  and  true.  I  remember  a 
few  years  ago  mieeting  a  manufacturer's  sales  manager  who 
told  mie  that  he  believed  his  company  had  a  sales  organization 
which  would  enable  it  to  sell  any  kind  of  crockery  by  calling  it 
a  shade.  I  happen  to  know  that  that  same  manufacturer  a  short 
time  afterwards  lost  several  thousand  dollars  on  one  of  those 
pieces  of  glassware  which  he  tried  to  dispose  of  in  the  old  way. 
The  photometric  curves  were  not  what  was  desired  and  the 
sales  organization  was  powerless  in  obtaining  customers. 

The  point  Mr.  Serrill  brought  up  about  getting  the  sales- 
men into  the  Society  is  very  important.  There  is  no  doubt 
that  the  salesman  should  become  a  member  of  the  Society. 
He  is  the  man  who  sells  the  lighting  installation  and  is  responsi- 
ble for  its  success  or  failure.  What  the  general  salesman  wants 
to  know,  as  one  of  them  remarked  in  one  of  the  earlier  meet- 
ings of  the  Illuminating  Engineering  Society,  is  how  to  get  more 
business.  If  he  is  given  this  informatibn  there  will  be  no  diffi- 
culty in  getting  him  interested  in  the  Society. 

Mr.  B.  C.  Regar: — Mr.  Serrill  is  to  be  congratulated  for  the 
very  plain  manner  in  which  he  has  pointed  out  the  usefulness 
of  a  knowledge  of  illuminating  engineering  to  the  commercial 
man,  and  the  good  to  be  derived  by  the  company  by  having  men 
thus  qualified.     I   should   like  to  mention   a  certain   case  which 
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happened  in  the  past  few  weeks.  A  large  lighting  customer  in 
Philadelphia  was  interested  in  a  change  of  lighting  units  and 
reflectors.  The  representative  of  a  certain  line  knew  that  his 
line  was  good  and  good  looking,  but  he  didn't  know  why,  nor  did 
he  understand  the  curves  which  had  been  sent  him,  and  yet  he 
secured  the  order,  the  reason  being  that  other  interests  had 
aided  him,  and  also  because  the  man  who  had  charge  of  the 
lighting  was  an  engineer,  and  was  able  to  grasp  the  advantages 
of  the  goods.  Without  reflecting  on  the  representative  or  his 
company,  it  seems  to  me  that  this  experience  should  point  out 
to  this  man  at  once  the  necessity  of  his  giving  some  of  his 
time  to  the   study  of  illuminating  engineering. 
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A  SCIENTIFICALLY  DESIGNED  STREET  LIGHTING 

UNIT.i 


BY    HERBERT   S.    WHITING. 


As  the  title  of  this  paper  indicates,  the  street  Hghting  unit  to 
be  discussed  represents  a  development  made  to  meet  the 
requirements  of  street  illumination  as  determined  by  a  scien- 
tifically conducted  investigation.  The  results  of  the  mvestiga- 
tion  were  presented  by  Mr.  Arthur  J.  Sweet  before  the  Franklin 
Institute  of  Philadelphia  in  a  paper  entitled  "An  Analysis  of  Il- 
lumination Requirements  in  Street  Lighting." 

The  requirements  as  thus  determined  indicate  the  necessity  of 
a  sufficient  and  uniform  illumination ;  the  avoidance  of  glare 
efifects,  which  may  be  accomplished  by  the  suppression  of  light 


Figs.  I  and  2.— Prismatic  reflector  and  opal  envelope. 

above  an  angle  of  approximately  65  degrees  with  the  vertical; 
and  a  proper  ratio  of  the  distance  between  adjacent  units  and  the 
mounting  height — for  entirely  satisfactory  results  this  ratio  should 
not  exceed  four. 

A  successful  street  lighting  unit  must  have  incorporated  in  its 
design,  in  addition  to  the  requirements  of  illumination,  the  features 
of  efficiency,  artistic  appearance  and  practicability. 

The  unit  which  has  been  designed  to  meet  these  requirements 
consists  of  a  prismatic  refiector  (as  shown  in  Fig.  i)  flanged  to 
support  an  opal  envelope  indicated  in  Fig.  2,  with  a  special  fitter. 

1  A  paper  presented  before  the  New  York  Section  of  the  Illuminating  Engineering 
Society  on  October  13,  1910. 
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The  assembled  unit  is  shown  in  Fig.  3.  This  unit  is  designed 
for  use  with  a  point  source  tungsten  filament  street  series  lamp, 
such  as  is  being  developed  by  several  of  the  representative  lamp 
manufacturers  in  this  country.  Very  satisfactory  results,  how- 
ever, may  be  obtained  with  60- watt  and  100- watt  street  series 
tungsten  filament  lamps,  and  fairly  satisfactory  results  with  multi- 
ple lamps.  The  units  should  be  supported  by  standards  from  12 
to  15  ft.  high,  located  from  60  to  75  ft.  apart.  In  the  case  of 
a  single  row  of  standards  along  one  side  or  the  centre  of  the 


Fig.  3. — Street  lighting  unit  without  lamp. 

street,  or  of  two  rows  with  units  directly  opposite  each  other,  this 
spacing  distance  is  the  distance  along  the  street ;  m  the  case  of 
two  rows  of  standards  with  units  staggered,  it  is  the  diagonal 
distance  across  the  street. 

Particular  attention  is  called  to  the  recommendation  for  a 
mounting  height  some  what  greater  than  has  commonly  been 
used.  This  increase,  however,  represents  one  of  the  most  recent 
developments  in  street  lighting  practice,  and  its  desirability  and 
practicability  are  evidenced  by  the  fact  that  one,  at  least,  of  the 
most  important  street  lighting  standard  manufacturers  is  pre- 
pared to  furnish  posts   from   12  to   13   feet  in   height  at  no  in- 
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crease  in  cost  over  the  lower  mounting  heights  which  were 
formerly  customary.  Illustrations  of  typical  standards  are  shown 
in  Figs.  4,  5  and  6. 

Sufficient  illumination  may  be  obtained  by  single  light  units  for 


Figs.  4,  5  and  6.— Street  lighting  standards. 

streets  where  a  cornparatively  low  intensity  is  required ;  tO'  ob- 
tain a  higher  degree  of  illumination  several  units  may  be  grouped 
on   each   standard. 

In  regard  to  uniformity  of  illumination  obtained  the  candle- 
power  distribution  curve  for  uniform  illumination  when  the  ratio 
of  the  distance  between  adjacent  standards  and  the  mounting 
height  equals  4,  is  shown  in  Fig.  7.  This  curve  should  be  com- 
pared with  that  of  the  new  street  lighting  unit  as  given  in  Fig. 
8,  and  it  will  be  evident  that  exceedingly  satisfactory  results  may 
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be  obtained  if  the  ratio  of  spacing  to  mounting  height  equal  to  4 
is  maintained.  Inasmuch  as  the  recommendations  for  the  use  of 
this  unit  allow  a  somewhat  wider  spacing,  strictly  uniform  il- 
lumination will  not  be  obtained.  It  is  felt,  however,  that  suffi- 
cient uniformity  for  all  practical  purposes  will  be  obtained  if  the 
illumination  at  the  point  of  maximum  intensity  does  not  much 
exceed  four  times  that  at  the  point  of  minimum  intensity.  This 
degree  of  uniformity  is  obtained,  even  with  the  present  standard 
street  series  and  multiple  tungsten  filament  lamps,  when  the  fore- 
going recommendations  are  adhered  to. 

One  of  the  most  important,  if  not  the  most  important,  features 
of  this  unit  is  the  absence  of  glare.  This  is  evident  from  an  ob- 
servation of  the  photometric  curve.  Fig.  8  which  shows  that  there 
is  practically  no  light  above  an  angle  of  65  degrees  with  the 
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Figs.  7  and  8.— Theoretical  and  actual  candle-power  distribution  curves. 

vertical.  The  small  amount  of  light  that  is  transmitted  through 
the  prismatic  reflector  is  suppressed  by  the  opal  envelope,  which 
is  of  such  density  that  its  specific  brightness,  or  intri'isic  bril- 
liancy, is  sufficiently  low  to  cause  no  appreciable  glare  effect. 
Slight  glare  effect  is  produced  with  the  standard  lamps  at 
present  on  the  market,  but  this  glare  is  practically  negligible 
when  compared  with  that  produced  by  other  light  units  which 
come  anywhere  near  approaching  the  new  unit  in  efficiency. 

In  addition  to  the  suppression  of  transmitted  light  the  opal 
envelope  performs  two  other  functions:  First,  it  forms  a  unit 
presenting  an  artistic  appearance,  as  an  individual  light  source 
and  allows  sufficient  light  to  pass  through  so  that  a  particularly 
pleasing  effect  is  produced  by  a  row  of  light  units ;  second, 
it  protects  the  prisms  from  deposits  of  dirt,  which  in  the  pres- 
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ence  of  moisture  would  appreciably  decrease  the  efficiency  of  the 
reflector — this  is  the  most  important  of  all  its  purposes. 

The  following  table  shows  the  comparative  efficiencies  of 
several  types  of  street  lighting  units.  The  values  given  for  effi- 
ciencies represent  the  ratio  of  the  flux  falling  on  the  street  to  the 
total  flux  of  the  light  units.  It  was  assumed  in  determining 
these  figures  that  the  width  of  the  street  was  45  feet  from  curb  to 
curb :  distance  from  curb  to  property  line,  10  ft ;  mounting  height 
of  unit,  12  feet. 

Efficiency 
Lamp  Equipment  in  per  cent. 

loo-watt,  80  c-p.  multiple  tungsten  .  • .   Bare  31 

100- watt,  80  c-p.  street-series  tungsten    Bare  30 

loo-watt,  80  c-p.  multiple  tungsten  ...    12-in.  sand-blasted  ball  28 

loo-watt,  80  c-p.  multiple  tungsten  . . .    12-in.  opal  ball  27 

loo-watt,  80  c-p,  multiple  tungsten  . . .   Prismatic  reflector  with  51 

opal  envelope 

loo-watt,  80  c-p.  point  source  series        Prismatic  reflector  with  50 
tungsten                                           opal  envelope 

60-watt,  48  c-p.  multiple  tungsten  •  •  •   Prismatic  reflector  with  52 

opal  envelope 

A  similar  test  on  a  radial  wave  reflector  designed  for  street 
lighting  showed  an  efficiency  of  30  per  cent. ;  as  the  glare  effect 
produced  by  such  a  unit  is  considerable,  the  resultmg  visual  effi- 
ciency, as  compared  with  that  of  the  above  units  would  be  much 
less  than  the  figure  given  would  indicate. 

The  new  street  lighting  unit  which  has  been  described  does, 
therefore,  fulfill  the  requirements  of  sufficient  and  uniform  il- 
lumination and  avoidance  of  glare  effect,  with  a  very  high 
efficiency  of  useful  light  flux.  Moreover,  it  is  of  such  appear- 
ance as  to  lend  itself  readily  to  appropiate  designs  for  artistic 
street  lighting  standards.  In  addition  it  is  adapted  to,  and  its 
advantages  may  be  obtained  without  departing  from,  the  dictates 
of  modem  incandescent   street  lighting  practice. 

discussion. 
Dr.  C.  H.  Sharp : — The  movement  for  better  street  lighting 
is  one  of  the  most  marked  movements  in  illuminating  engineer- 
ing at  the  present  time.  It  has  been  to  a  very  considerable 
extent  simultaneous  and  synchronous  with  the  coming  of  higher 
efficiency  incandescent  illuminants.     I  do  not  mean  to  say  that 
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without  the  advent  of  the  tungsten  lamp  there  would  not  have 
been  improved  street  lighting;  but  the  availability  of  the  high- 
efficiency  incandescent  lamp  has  probably  done  more  than  any 
other  one  thing  to  forward  this  movement.  The  improvement 
in  street  lighting  has  taken  place  along  two  lines ;  first  in  the 
efficiency  and  in  the  brilliancy  of  street  illumination,  and  second, 
in  the  appearance  of  the  illuminants.  The  installation  of  post 
lighting  with  tungsten  lamps  has  marked  the  greatest  improve- 
ment in  the  appearance  of  street  illuminants  that  has  as  yet 
occurred.  It  has  been  accompanied  with  a  much  higher  de- 
gree of  illumination  in  the  streets,  but  ic  has  not  as  a  rule  been 
accompanied  by  a  corresponding  increase  in  the  efficiency  of 
that  illumination.  Tungsten  lamps  suspended  in  an  opal  sphere 
make  a  very  beautiful  form  of  illumination,  but  the  efficiency 
cannot  in  the  nature  of  things   be  very  high. 

The  paper  shows  that  the  good  appearance  of  a  street  light- 
ing installation  can  be  preserved  and  the  efficiency  of  the  light- 
ing can  be  very  much  increased.  In  the  street  lighting  reflector 
described  the  efficiency  is  improved  in  two  ways — first  by  getting 
a  larger  percentage  of  the  luminous  flux  on  to  the  street  sur- 
face and  secondly  by  preventing  deleterious  glare.  Now  just 
how  important  the  glare  factor  is  I  believe  as  yet  to  be  a 
somewhat  uncertain  matter.  The  curves  worked  out  by  Mr. 
Sweet  are  most  instructive  and  important,  but  I  do  not  think 
they  contain  the  final  answer  to  that  question.  I  do  not  believe 
that  it  is  necessary  in  order  to  have  good  street  illumination  to 
cut  off  all  glare.  In  fact,  as  was  pointed  out  by  a  speaker  at 
a  meeting  of  this  section  in  the  Spring,  in  some  cases  the  glare 
of  the  light  reflected  from  the  sidewalk  reduces  the  sensibility  of 
the  eye  for  the  perception  of  objects.  In  other  words,  it  does 
not  seem  to  be  possible  to  cut  off  all  the  effects  of  glare,  and  it 
may  not  be  necessary  in  order  to  get  good  street  illumination 
and  to  get  what  is  for  practical  purposes  an  absence  of  glare 
to  go  quite  as  far  as  the  twenty-eight  degree  angle  which  Mr. 
Sweet  has  pointed  out  in  his  paper.  A  satisfactory  minimum  of 
glare  may  be  obtained  with  a  smaller  angle  between  the  hori- 
zontal and  the  illuminant.  However,  it  is  most  commendable 
that  in  designing  the  reflector  described  the  engineers  have  pro- 
ceeded strictly  along  the  theoretical  lines  which  were  laid  down 
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as  a  result  of  Mr.  Sweet's  investigation ;  and  they  have  not  been 
satisfied  with  anything  short  of  the  perfection  which  is  there 
indicated,  so  that  in  this  latest  form  of  street  lighting  reflector 
there  is  obtained  a  very  happy  combination  of  good  appearance 
and  of  a  reasonably  high  efficiency. 

In  a  paper  by  Mr.  Millar  the  importance  of  illuminating  the 
roadway  so  as  to  enable  objects  on  the  roadway  to  be  per- 
ceived has  been  pointed  out.  The  reflector  described  works 
along  these  lines.  It  is  very  safe  to  say  that  any  street  which 
is  illuminated  with  this  new  form  of  street  lighting  reflector, 
using  the  mounting  height  which  is  stated  and  the  proper  spac- 
ing of  the  lamps,  would  be  a  most  excellently  lighted  street, 
and  that  the  installation  will  be  a  very  ornamental  one  both  by 
day   and   by   night. 

Mr.  W.  H.  Gardiner: — It  seems  to  me  that  the  reflector  de- 
scribed represents  work  along  exactly  the  right  lines.  It  is 
along  the  lines  of  applying  to  street  lighting  the  science  of  il- 
luminating engineering  which  we  have  been  applying  to  other 
forms  of  lighting  such  as  in  show  window  work,  for  instance, 
where  the  problem^  is  to  illuminate  the  goods  instead  of  light- 
ing the  window.  The  equipment  illuminates  the  street  instead 
of  putting  lamps  along  it,  which  is  a  very  different  matter. 

Mr.  Henry  Floyd : — Dr.  Sharp's  remarks  on  the  effects  of 
glare  seem  to  me  to  be  influenced  largely  by  the  way  the  light 
affects  him  personally ;  another  person  would  be  influenced  in 
the  way  the  light  affected  him.  My  personality  being  particu- 
larly susceptible  to  the  glare  effects,  I  was  very  much  pleased 
with  the  author's  explanation  of  the  avoidance  of  these  effects, 
and  it  seemed  to  me  that  he  was  not  erring  on  the  side  of  con- 
servatism in  the  design  illustrated.  One  who  has  walked  along 
the  Riverside  Drive,  New  York  and  has  experienced  the  effect  of 
the  tungsten  lamps  along  the  parkway  there  in  his  eyes,  will 
appreciate  that  a  lamp  of  the  character  described  in  the  paper 
is  a  very  marked  improvement  and  a  long  step  in  advance  in 
street   lighting. 

Mr.  Albert  Jackson  Marshall: — Aside  from  the  glare  which 
the  envelope  removes,  there  are  two  further  points  to  be  con- 
sidered, or  one  point  divided  into  two  classes,  namely,  its  use 
in  the  residential  district  and  its  use  in  the  down-town  district. 
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I  think  it  is  very  desirable  to  suppress  light  in  those  angles  which 
would  permit  its  falling  too  strongly  in  the  windows  of  resi- 
dences. In  the  business  district  there  is  a  very  practical  side 
to  the  idea  of  suppressing  light  above,  because  if  a  great  deal  of 
light  is  permitted  to  go  upward  the  sign  business  will  be  de- 
stroyed. This  fact  is  very  nicely  demonstrated  on  Broadway, 
New  York,  around  Thirty-ninth  street  where  recently  some 
flaming  arc  lamps  have  been  introduced,  the  signs  in  that  vicinity 
having  been  nearly  destroyed.  The  effect  that  has  given  Broad- 
way the  name  of  the  Great  White  Way  is  lost.  There  is  a  very 
good  illustration  of  a  most  atrocious,  not  to  say  criminal,  in- 
stallation of  arc  lamps  in  St.  Louis,  where  the  sign  business  is 
absolutely  killed,  to  say  nothing  of  the  trouble  to  the  pedestrian's 
eyes. 

In  connection  with  the  new  street  lighting  unit,  mention  should 
be  made  of  the  question  of  color.  I  have  an  idea  that  white  light, 
so-called,  is  not  necessary  or  desirable  for  street  lighting  any 
more  than  it  is  for  the  home.  I  think  that  very  much  better 
results  would  be  obtained  if  the  ordinary  arc  lamp  were  used 
with  a  delicately  tinted  straw  globe.  Experiments  could  well 
be  conducted  with  this  unit  using  delicately  tinted  straw  en- 
velope in  place  of  the  white. 

Mr.  V.  R.  Lansingh : — The  author  states  that  the  glaring  effect 
with  the  unit  described  is  entirely  eliminated.  Now  this  is 
probably  not  exactly  true,  for  the  reason  that  the  eyelid  is 
translucent.  When  a  person  passes  underneath  these  units 
looking  straight  ahead,  he  will  observe  no  effect  of  glare  in  the 
eye;  that  is  to  say,  the  light  falling  on  the  eye  apparently  will 
not  give  any  glare  effect.  Nevertheless  at  the  angle  at  which 
the  maximum  light  strikes  the  eyelid,  inasmuch  as  the  eyelid  is 
transparent,  there  will  be  more  or  less  of  a  glare  effect.  This 
fact  was  brought  out  very  nicely  in  a  certain  street  installa- 
tion, where  by  turning  out  the  light  suddenly  a  building  which 
was  entirely  invisible  before  loomed  up  so  that  one  could  see 
it  quite  distinctly,  thus  showing  that  even  under  those  condi- 
tions some  glare  effect  is  obtained,  but  of  course  far  less  than 
would  be  true  if  the  lamp  were  not  shaded. 

Mr.  Whiting  has  brous^ht  out  very  clearlv  the  necessity  for 
raising  the  lamps  if  anywhere  near  uniform  illumination  is  to  be 
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obtained.  He  mentions  that  with  a  ratio  of  four  between  the 
distance  apart  of  the  lamps  and  their  mounting  height  good 
effects  are  obtained.  I  have  seen  an  installation  where  the  ratio 
was  eight  and  permissible  effects  were  obtained  even  then. 

The  opal  envelope  serves  more  purposes  than  one.  In  the 
first  place,  it  reduces,  of  course,  the  intensity  of  light  to  the 
eye.  In  the  second  place  it  acts  to  protect  the  prisms  from  dirt. 
If  a  reflector  of  that  kind  were  placed  where  it  is  exposed  to 
storms  and  rains  and  then  dust  were  allowed  to  fall  on  it,  a 
considerable  percentage  of  the  reflection  would  be  lost.  The 
opal  envelope  acts  as  a  dust  protector,  so  that  any  dust  or  dirt 
which  does  get  in  between  the  tightly  fitting  cover  and  the  opal 
envelope  would  be  dry,  and  dry  dust  does  not  materially  de- 
crease the  efficiency  of  such  a  reflector. 

The  envelope  also  serves  another  very  important  purpose 
in  the  marking  of  streets.  That  is  to  say,  it  lights  the  street 
as  well  as  illuminates  it.  One  other  important  point  is  that 
it  is  very  easy  to  paint  on  the  outside  of  this  the  name  of  a 
street  or  number,  so  that  there  is  obtained  all  of  the  advantages 
of  the  ordinary  opal  ball  in  that  respect. 

A  very  clever  device  for  individual  lamps  where  it  is  desired 
to  light  side  streets  is  a  lantern  effect  which  can  be  made  very 
artistic,  having  an  opal  envelope  and  a  reflector  inside,  but  with 
the  same  candle-power  distribution. 

The  author  cites  a  certain  case  where  27  per  cent,  of  the  flux 
from  an  opal  ball  was  within  the  effective  zone.  I  simply  want 
to  call  your  attention  to  the  fact  that  the  actual  tests  check  up 
with  the  theoretical  results.  With  a  spherical  distribution  of 
light  which  is  found  in  the  case  of  a  dense  opal  ball,  at  60  de- 
grees on  each  side  of  the  vertical,  one-fourth  of  the  total  flux 
would  be  within  that  angle.  The  proof  of  this  relation  is  very 
simple.  The  area  of  any  zone  is  2  tt  cos  (<^i  —  </>2)  and  the 
area  of  the  sphere  is  4  tt.  Since  the  cosine  of  60  degrees  is 
0.5  the  ratio  of  the  two  is  one-fourth,  so  that  the  one-fourth 
of  the  total  flux  is  within  the  sixty  degree  zone.  The  tests 
actually  showed  27  per  cent,  within  a  little  wider  zone. 

I  want  to  call  attention  to  one  other  possibility  in  the  unit, 
and  that  is  that  the  reflector  itself  can  easily  be  designed  to  give 
an    asymmetrical    distribution.     The    light   which   goes    towards 
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the  sidewalk  can  be  thrown  up  and  down  the  street.  With 
the  glaring-  effect  eliminated,  with  an  asymmetrical  distribu- 
tion with  lamps  spaced  on  the  sidewalk  line,  there  would 
be  a  very  good  combination  indeed.  I  might  state,  however, 
that  with  the  new  unit  it  is  not  necessary  from  the  standpoint 
of  the  man  who  sits  on  his  front  porch  to  have  an  asymmetrical 
distribution  because  of  the  opal  envelope,  since  the  light,  gen- 
erally speaking,  falls  at  the  foot  of  the  steps  rather  than  at  the 
top  of  the  steps.  However,  from  the  standpoint  of  efficiency 
it  may  be  desirable  to  use  an  asymmetrical  distribution. 

I  had  the  pleasure  recently  of  seeing  an  installation  of  these 
reflectors  on  a  street  and  comparing  them  with  the  opal  ball 
whose  density  w^as  just  sufficient  to  hide  the  filament  of  the 
lamp.  The  difference  in  the  lighting  effect  on  the  street  was 
very  marked.  It  appeared  to  mt  fully  up  to  the  figures  which 
showed  a  ratio  of  3  to  T  on  the  street,  and  it  seems  to  me  that 
this   is  a  step  in  the   right   direction  of  lighting  our  streets. 

Mr.  B.  N.  Hyde : — The  dark  spot  between  arc  lamps  placed 
at  long  intervals  in  suburban  districts  in  all  probability  was  one 
of  the  fundamental  reasons  for  that  old  system  of  lighting 
which  was  conducted  on  what  is  known  as  the  moonlight 
schedule.  Moonlight  in  its  intensity  is  low,  but  being  general 
in  its  illumination  it  permitted  more  distinct  vision  than  was 
possible  to  obtain  with  the  lamps  in  use  on  account  of  the 
glare  in  the  eye.  For  that  reason  lamps  were  turned  off  during 
the  time  that  the  moon  was  shining  simply  because  they  did 
not  add  to  the  illuminating  effect  but  detracted  from  it.  When 
streets  or  roadways  are  covered  over  with  a  heavy  spread  of 
snow  considerable  glare  is  noticeable  from  the  bright  spot  im- 
mediately beneath  the  arc  lamp.  This  effect  when  compared 
with  the  more  equal  distribution  on  the  city  street  could  be 
said  to  be  an  argument  for  even  illumination.  It  seems  to  me 
that  any  step  which  will  have  a  tendency  to  eliminate  dark  spots 
between  light  units  and  tend  towards  even  illumination  between 
lamps   in  the   lighting  of  streets   will  be   generally  beneficial. 

Mr.  Gardiner: — In  the  case  of  the  lighting  of  Broadway,  St. 
Louis  it  seems  to  me  that  by  brilliantly  illuminating  that  street, 
the  lighting  company  lost  all  its  market  for  outline  lighting, 
signs,   and  window  lighting.     It   would  be  interesting  to  ascer- 
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tain  the  relative  revenues  per  block  or  per  mile,  of  a  commer- 
cial street,  a  street  given  up  to  shops  and  stores,  from  street 
lighting,  outlining  signs  and  window  lighting,  and  see  how  these 
figures  check  up  in  different  cities  where  street  lighting  is 
handled  in  one  way   or  another. 

Mr.  Lansingh : — I  may  state  in  answer  to  Mr.  Gardiner  that 
the  figures  for  street  lighting  vary  all  the  way  from  one  to 
ten  watts  per  running  foot,  which  is  not  at  all  equivalent  to  the 
amount  of  light  which  the  merchant  uses  under  similar  circum^ 
stances,  that  is  in  his  show  windows,  etc. 

Mr.  Marshall: — In  one  of  the  most  recent  examples  of  show- 
window  lighting  in  New  York  City  the  intensity  varies  be- 
tween 60  and  100  watts  per  running  foot,  the  idea  being  to 
use  60  watts  where  light  materials  are  displayed  and  a  lOO-watt 
where  darker  materials  are  shov/n. 

Mr.  Preston  S.  Millar : — The  street-lighting  reflector  de- 
scribed by  Mr.  Whiting,  represents  one  of  the  few  examples  of 
a  case  where  an  illuminating  engineer  sets  up  a  certain  theoreti- 
cal ideal  and  then  starts  out  in  practice  to  accomplish  it  and 
does  accomplish  it.  Whatever  should  be  said  pro  or  con  re- 
garding the  correctness  of  his  theoretical  conclusions,  here  he 
has  made  them  in  a  practical  way  and  the  reflector  is  be- 
ing put  into  commercial  service.  A  good  deal  has  been 
said  recently  about  reflectors  being  used  with  incandescent 
electric  lamps.  Most  of  the  street  lighting  in  this  country  is 
with  arc  lamps,  but  they  need  the  right  kind  of  a  reflector  just 
as  much  as  incandescent  electric  lamps  do. 

Mr.  Lansingh: — The  lighting  unit  described  by  Mr.  Whit- 
ing has  been  tried  out  experimentally  with  inverted  gas  mantles, 
with  practically  better  success  than  with  the  incandescent  electric 
lamp  by  reason  of  the  smallness  of  the  source  of  light,  which 
is  the  determining  factor  in  the  efficiency  of  this  unit.  In  de- 
signing such  a  reflector  for  arc  lamps  difficulty  is  met  on  account 
•of  the  shifting  of  the  arc.  Until  that  is  overcome,  it  would 
seem  almost  impossible  to  design   such  a  reflector. 
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ILLUMINATION  AND  ARCHITECTURE.^ 


BY  WILUAM  COPELAND  FURBER. 


The  lighted  rush,  animal  and  vegetable  oils,  tallow,  wax, 
mineral  oils  and  other  carbonaceous  materials  have  all  in  their 
turn,  occupied  the  field  as  an  aid  to  man  as  illuminants.  These 
in  turn  have  given  way  to  better  and  more  efficient  means  of 
illumination.  The  chief  sources  of  illumination  to-day  are,  of 
course,  gas  and  electricity.  Had  the  activities  of  man  been  con- 
fined to  daylight  alone,  and  had  he  gone  to  roost  with  the 
chickens,  it  is  needless  to  say  that  his  accomplishments  would 
have  been  much  curtailed. 

The  burning  of  mxidnight  oil  has  always  been  synonymous 
with  learning  and  with  intellectual  accomplishments.  It  might 
also  be  said  that  civilization  would  not  have  reached  its  present 
development  without  some  means  of  extending  the  working 
hours  of  man.  And  yet  it  is  to  us,  now,  inconceivable  that 
every  advance  in  the  art  and  science  of  illumination  has  had  to 
fight  its  way  through  barriers  of  prejudice  and  entrenched  op- 
position. 

THE   DEVEI.OPMENT    OF   GAS   UGHTING. 

Before  the  introduction  of  gas,  a  material  called  "camphene," 
which  was  a  mixture  of  alcohol  and  turpentine,  was  used  for 
the  purpose  of  illumination  where  oil,  on  account  of  its  greasy 
nature,  was  not  permissible.  This  substance  was  very  volatile, 
and  its  vapor  when  mixed  with  air  was  very  explosive.  This 
material  furnished  the  coroner  with  numerous  subjects  for  in- 
quests. 

To  review  the  history  of  gas  briefly,  it  is  said  that  the  first 
record  of  anything  like  a  careful  examination  of  the  properties 
of  gas,  artificial  or  natural,  appears  in  the  "Philosophical  Trans- 
actions" for  1667,  in  a  paper  by  Mr.  Thomas  Shirley.  This 
gives  an  account  of  some  experiments  made  in  February,  1659, 
upon  the  gas  issuing  from  a  well  near  Wigan,  England,  wherein 
the  author  mentions  that  his  attention  was  directed  to  what  was 

*  A  paper  read  before  the   Philadelphia  Section  of  the  Illumiiuting  Engineering 
Society  on  April  15,  1910. 
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considered  to  be  a  spring  "where  the  water  did  burn  like  oyle/' 
and  "did  boyle  and  heave  Hi<e  water  in  a  pot ;"  but  on  investiga- 
tion he  found  this  to  ''arise  from  strong  breath,  as  it  were  a 
wind,"  which  ignited  on  the  approach  of  a  hghted  candle  and 
"did  burn  bright  and  vigorous." 

Up  to  this  time,  the  names  '"spirit,"  ''inflammable  air,"  "vapor" 
and  similar  terms  were  used  to  designate  the  product  in  question. 
Van  Helmont,  one  of  the  last  of  the  old  alchemists  and  one  of  the 
earliest  and  most  important  contributors  to  modern  chemistry, 
being  the  only  one  to  use  the  term  "gas"  or  "gaz."  This  was 
about  the  year  1600.  In  1786,  Lavoisier  applied  the  word  "gaz" 
(gas  in  English)  to  all  permanent  serif orm  bodies. 

The  honor  of  the  first  application  of  coal  gas  to  useful 
purposes  is  due  to  William  Murdoch,  who,  in  1797,  illuminated 
his  premises  at  Old  Cummock  with  gas,  and  the  following  year 
the  factory  of  Boulton  and  Watts  in  Birmingham.  Lebon  fol- 
lowed shortly  after  in  France.  Winsor,  a  German,  being  im- 
pressed with  the  inventions  of  Lebon,  set  about  introducing  it, 
early  turning  attention  to  England.  He  lectured,  gave  demon- 
strations and  wrote  extensively. 

Winsor  at  last  succeeded  in  obtaining  a  charter,  and  the  "Gas 
Light  and  Coke  Company"  was  incorporated  in  1808  and  a 
charter  obtained  in  1812. 

The  company  had  a  hard  struggle  for  existence,  and  nearly 
went  into  dissolution.  The  employment  of  Mr.  Clegg  as  en- 
gineer, however  brought  it  out  of  its  difficulties.  There  was 
violent  opposition  to  the  establishment  of  the  company.  In  the 
event  of  its  success,  several  branches  of  industry  and  commerce 
seemed  doomed.  For  instance,  the  objectors  said:  "If  this  be- 
comes successful,  then  our  naval  supremacy  is  gone,  for  at 
present  we  obtain  principally  our  artificial  light  from  the  whale 
fisheries ;  these  are  the  nurseries  of  our  best  sailors ;  therefore,, 
if  we  destroy  the  one,  the  other  must  be  affected ;  if  the  fisheries 
no  longer  exist,  our  navy  must  degenerate." 

^Ir.  (afterwards  Sir)  Humphrey  Davy  considered  the  scheme 
so  ridiculous  that  he  asked  if  it  were  intended  to  take  the  dome 
of  St.  Paul's  for  a  gasometer;  to  which  Mr.  Clegg  replied  that 
he  hoped  to  see  the  day  when  gasometers  would  not  be  much 
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smaller.  This  hope  was  verified  beyond  his  expectation.  The 
external  diameter  of  the  dome  is  145  feet,  and  before  the  death 
of  Mr.  Cleg-g  in  1861,  several  gas  holders  had  been  constructed 
of  larger  size.  That  of  the  Imperial  Company  at  the  Hackney 
Road  Station  is  201  feet  in  diameter,  and  it  may  be  of  interest  to 
note  that  the  new  holder  of  the  Consolidated  Gas  Co.  is  297  feet 
in  diameter. 

On  December  31st,  1813,  Westminster  Bridge  was  lighted  with 
gas.  The  new  lamps  were  such  an  object  of  attention  tliat^ 
while  the  novelty  lasted,  the  Bridge  became  a  fashionable  prom- 
enade. The  lamplighters  were  so  much  startled  at  the  new 
system  that  they  refused  to  work,  and  Mr.  Clegg  for  a  few 
nights  had  to  light  the  lamps  himself. 

In  a  book  on  gas  lighting  published  in  London  in  1892,  W.  H. 
Y.  Webber  says  that  the  earliest  gas  burners  of  which  there  are 
any  record  were  designed  to  produce  flames  resembling  those 
of  the  oil  and  tallow  candles.  He  also  says  that  it  is  quite 
possible  to  dismiss  the  problem  of  interior  lighting  and  adopt 
some  such  rule  of  thumb  as  that  lately  expounded  by  W.  H. 
Preece  for  the  edification  of  the  Royal  Institute  of  British 
Architects,  namely:  that  a  16  c-p.  lamp  at  a  height  of  8  ft.  above 
the  floor  will  light  a  floor  space  4  ft.  square.  It  is  hardly 
necessary  to  say  that  such  a  rule  as  this  would  not  answer  our 
requirements  to-day. 

When  Maximilian  was  made  Emperor  of  Mexico,  the  hall  at 
the  convention  ball  w^as  lighted  by  candles.  Wax  candles  had 
been  ordered,  but  parafline  was  substituted  and  the  wax  dropped 
down  on  the  peoples'  shoulders,  but  it  probably  did  not  spoil  any 
garments  on  the  shoulders  of  the  ladies. 

GAS   LIGHTING   IN    I'HILADELPllIA. 

The  earliest  attenpt  to  secure  a  gas  works  in  Philadelphia  was 
made  by  Dr.  Bollman  on  December  28,  181 5.  In  1826-2"/, 
Robinson  and  Long  of  Baltimore,  made  a  proposition  to  the 
Philadelphia  City  Councils  to  erect  a  gas  works ;  but  it  was  not 
until  February  14,  1833  that  the  Councils  recommended  the 
building  of  such  works,  and  on  February  3,  1834,  the  Councils 
authorized   the   sending   of   engineers   to    Europe   to   study   the 
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operation  of  works  then  in  use.  The  proposal  met  with  great 
opposition.  The  dangers  of  fire  and  the  great  loss  of  life  and 
property  from  explosions  were  pointed  out.  The  inconvenience 
and  danger  due  to  the  flames  suddenly  disappearing  and  leaving 
the  streets  and  houses  in  darkness,  the  necessity  of  digging  up 
the  streets,  and  the  fact  that  the  gas  pipes  at  the  intersection  of 
each  square  must  come  in  contact  with  the  water  pipes  were  all 
dwelt  upon. 

The  introduction  of  public  gas  supply  was  objected  to  by 
prominent  citizens.  On  January  i,  1833,  a  protest  was  filed  with 
the  City  Government,  which,  among  other  things,  stated  "We 
consider  gas  to  be  an  article  as  ignitable  as  gunpowder  and 
nearly  as  fatal  in  its  effects." 

John  C.  Cresson  and  others  signed  a  paper  declaring  gas  to 
be  dangerous,  and  pointing  out  that  if  a  fire  occurred  in  a  gas 
works  it  would  result  in  blowing  up  the  whole  city.  The  city 
supply  was  started  February  8,  1836.  Private  gas  lighting, 
however,  with  insolated  plants  in  the  houses,  was  in  use  prior  to 
this  time,  and  in  18 16,  William  Henry,  a  metalsmith  on  Lombard 
Street  near  Seventh  illuminated  his  house  with  gas.  This  is 
said  to  be  the  first  instance  of  house  lighting  from  a  private  plant 
in  this  country,  although  it  is  also  claimed  that  gas  was  used  to 
illuminate  the  Bath  House  at  iVewport,  R.  1.  on  November  13, 
1813.  The  gas  used  was  ''hydrogen  gas  produced  with  pit  coal," 
under  a  patent  of  the  improved  gas  lamp  issued  by  the  President 
of  the  United  States  to  David  Melville  and  Winslow  Lewis. 
Similar  systems  were  installed  in  a  cotton  factory  in  Watertown, 
Mass.,  and  in  factories  in  Wenscott  and  Arkwright,  R.  L  It  is 
also  said  that  Matthew  Newkirk,  whose  house  occupied  the  site 
on  which  St.  George's  Hall  at  Thirteenth  and  Arch  streets 
formerly  stood,  was  the  first  house  that  was  lighted  from  the 
public  gas  supply  in  Philadelphia.  In  1825  a  writer  in  the 
"United  States  Gazette,"  now  the  "North  American,"  called  gas 
"unsafe,  a  trouble  and  a  nuisance."  It  is  true,  however,  that 
the  first  efforts  to  make  gas  gave  a  much  more  offensive  pro- 
duct than  modern  methods  give. 

It  is  also  claimed  that  the  first  building  in  Philadelphia  to  be 
lighted  by  gas  was  the  old  Masonic  Hall  on  Chestnut  Street  west 
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of  Seventh.  Gas  was  made  by  distilling  rosin,  and  the  retorts 
and  the  gasometer  were  located  in  a  separated  building  in  the 
rear  of  the  Hall. 

Public  Illumination  by  Gas :  After  the  advent  of  gas  lighting 
and  before  electric  lighting  appeared,  it  was  customary  to  use 
perforated  tubes  with  small  jets  of  gas  for  outlining  words, 
devices,  etc.  In  tbis  connection,  it  may  be  interesting  to  recall 
that  ''Jones'  Hotel"  was  on  the  site  of  the  present  Bulletin 
Building  at  Penn  Square  and  Filbert  Street.  On  "Cable  Night" 
which  commemorated  the  successful  laying  of  the  Atlantic  Cable, 
this  building  was  brilliantly  illuminated,  for  those  days,  by  gas 
jets.  On  one  of  the  porticos  of  the  hotel  the  word  "Europe" 
was  outlined  in  jets.  On  the  other  portico  was  the  word  "Ameri- 
ca." Between  the  two  was  suspended  a  pipe  in  simulation  of 
the  cable.  Occasionally  the  strong  wind  would  blow  out  part 
of  the  illumination,  so  from  a  pictorial  standpoint  at  least,  the 
cable  communication  was  frequently  interrupted. 

Before  the  introduction  of  electric  spark  ignition  for  ga9 
it  was  usual  to  ignite  the  chandeliers  and  public  buildings 
with  a  torch  on  a  long  pole.  The  jets  on  the  large  chandelier 
in  the  Philadelphia  Academy  of  Music,  it  is  said,  were  ignited 
at  one  time  in  this  manner  from  the  top  gallery. 

It  is  interesting,  in  tracing  the  progress  of  illumination,  to 
note  that  as  recently  as  1879,  after  gas  became  an  everyday 
afTair,  Dr.  William  Wallis  gave  a  lecture  in  London  at  the  Society 
of  Arts  upon  gas  illumination,  in  which  he  says,  "We  are 
striving  too  hard  to  light  up  our  streets  brilliantly.  I  do  not 
see  any  necessity  for  lighting  up  the  streets  to  such  an  extent 
as  to  make  them  equal  to  daylight.  What  we  want  is  simply 
to  see  where  we  are  going,  to  avoid  being  robbed  at  night,  and  so 
on.  Therefore,  I  think  it  is  a  great  mistake  to  strive  to  make 
our  streets  as  light  as  they  are  during  the  day. 

If  Dr.  Wallis  should  visit  the  "Great  White  Way,"  Broad- 
way, New  York,  after  dark,  or  Market  Street,  Philadelphia, 
he  might  think  that  his  idea  of  what  was  sufficient  had  been 
greatly  exceeded. 

LIGHTING  OF   STRE^JTS. 

The  lighting  of  streets  considered  from  an  architectural  stand- 
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point  or  rather  from  the  standpoint  of  the  effect  that  the  light 
of  the  street  produces  upon  buildings,  presents  great  difficulties. 
The  lamp,  to  be  effective  for  economical  illumination,  must 
be  near  the  street  surface,  and  such  a  position  causes  the  re- 
versal of  all  the  shadows  from  mouldings,  projections,  etc., 
which  have  been  designed  with  the  thought  in  mind  of  the 
prime  source  of  illumination  being  overhead. 

It  is  interesting  to  study  the  shadows  on  buildings  caused 
by  the  strong  electric  lamps  placed  at  the  usual  lamp  post 
heights.  It  is  needless  to  say  that  the  eye  is  accustomed  by 
nature  and  long  usage  to  expect  to  see  the  shadows  cast  in  a 
downward  direction,  and  our  sense  of  proportions  of  architec- 
tural subjects  is  based  on  this  expectation.  When  the  shadows 
are  reversed,  the  mouldings  which  were  entirely  satisfactory 
with  the  light  above,  lose  their  significance,  and  new  shadows 
appear  which  cause  the  apparent  proportions  to  be  radically 
changed.  It  is,  of  course,  impossible  to  design  a  moulding 
or  projection  which  will  have  satisfactory  shadows  from  oppo- 
site directions,  and  this  is  one  of  the  artistic  difficulties  met 
with  in  considering  the  bearing  of  illumination  on  architecture 
in  relation  to  street  lighting. 

In  interior  lighting,  the  position  of  the  sources  of  illumina- 
tion can  sometimes  be  placed  with  the  architectural  effect  of 
shadows  in  mind,  but  if  the  room  is  high  and  the  sources  of 
the  light  are  low,  the  same  difficulty  appears. 

Mouldings  and  reliefs  for  interior  work  are  frequently  studied 
with  regard  only  to  the  shadows  cast  by  the  lamps  at  a  conven- 
tional angle  above,  whereas,  in  some  cases  the  lighting  by  means 
of  reflected  daylight  or  artificial  light  never  affects  the  design 
from  the  standpoint  at  which  it  was  studied.  It  is  hardly  nec- 
essary to  point  out  that  the  latter  method  cannot  be  justified. 
The  real  truth  is  that  architectural  mouldings  have  been  de- 
veloped under  conditions  where  overhead  lighting  was  the  only 
source  of  illumination.  The  lighting  of  streets  with  the  sole  ob- 
ject of  illumination  is  altogether  another  matter,  and  a  develop- 
ment along  these  lines  has  been  rapid  of  late  years,  illumination 
of  Market  Street,  Philadelphia,  being  one  of  the  latest  attempts 
in  this   direction. 
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High  Pressure  Incandescent  Gas  Lamps  in  Philadelphia : — 
The  gas  lamps  used  at  Broad  and  Arch  Streets,  Philadelphia, 
are  made  of  bronze,  although  other  metals,  such  as  copper  or 
enamelled  steel,  would  be  perfectly  satisfactory.  Each  lamp  is 
equipped  with  two  inverted  mantles,  each  about  3  in.  long  and 
slightly  larger  than  the  diameter  of  the  ordinary  inverted  man- 
tle. Each  burner  consumes  11  cu.  ft.  of  gas  per  hour,  or  each 
lamp  22  cu.  ft.  of  gas  per  hour.  The  gas  is  supplied  to  the 
lamps  under  a  pressure  of  2  pounds  per  sq.  in.  by  means  of  a 
blower  directly  connected  to  an  electric  motor.  The  lamps  are 
ignited  by  means  of  pilot  burners,  which  are  constantly  burning 
when  the  main  burners  are  extinguished,  and  are  extinguished 
when  the  main  burners  are  in  use. 

The  candle-power  of  the  lamp,  equipped  as  at  present  with  a 
clear  glass  globe,  is  maximum  at  about  65°  from  the  vertical; 
at  this  point  it  is  about  900  c-p.  The  candle-power  directly  be- 
low the  lamp  is  450;  the  candle-power  above  the  lamp  is  very 
low,  owing  to  the  upper  construction.  The  mean  lower  hemi- 
spherical candle-power  is  835 ;  the  mean  upper  hemispherical 
candle-power  is  115;  the  mean  spherical  candle-power  is  475. 
The  minimum  illumination  on  the  sidewalk  along  the  curb  is 
about  3  foot-candles,  while  the  maximum  illumination  on  the 
sidewalk  along  the  curb  is  about  6  foot-candles. 

The  installation  in  many  ways  is  quite  similar  to  high  pres- 
sure installations  in  various  European  cities,  namely,  Cologne, 
Vienna,  Berlin  and  London,  the  only  difference  being  in  the  de- 
sign of  the  lamps  and  compressor.  The  candle-power  is  about 
the  same  as  most  of  the  lamps  used  abroad  although  in  BerHn, 
there  are  some  new  three-burner  lamps  giving  from  4,300  to 
4,500  candle-power. 

CHURCH    ILLUMINATION. 

The  various  religious  denominations  express  their  ideals  not 
only  through  the  powers  of  the  preacher,  the  character  of  the 
music,  and  form  of  the  ritual,  but  also  through  the  architecture 
of  the  buildings  and  the  arrangement  of  the  lighting  which  gives 
the  best  expression  to  their  varying  ideals. 

In  the  unvarnished,  unpainted  interior  of  the  Quaker  meeting 
house  no  attempt  is  made,  through  the  charms  of  architecture 
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or  the  beauty  of  decoration,  or  the  seductiveness  of  the  music, 
or  by  any  artificially  arranged  scheme  of  lighting,  to  appeal 
through  the  eye  or  the  ear  to  the  emotions.  Here  only  a  shel- 
ter and  a  quiet  retreat  are  offered  in  order  that  the  mind  may 
dwell  in  meditation  on  the  Quaker  ideal:  that  of  the  "Inner 
Light."  This  primitive  simplicity  should  be  compared  with  the 
non-ritualistic  Protestant  churches,  which  are  evangelistic,  and 
appeal  through  their  preaching,  and  also  accentuate  the  social 
side  of  their  meetings.  Here  is  found  more  attempt  at  decora- 
tive embellishment  and  here  more  attention  is  given  to  pleasing 
the  senses  through  attractive  surroundings.  Here  the  illumina- 
tion is  general  and  perhaps  brilliant,  but  without  any  symbolic 
significance. 

In  the  churches  with  forms  and  ceremonies,  from  the  High 
English  church  to  the  Greek  Roman  churches,  the  whole  archi- 
tectural scheme  is  calculated  to  impress  awfully  the  worshipper 
with  his  own  insignificance.  The  high  vaulted  ceilings,  the 
vastness  of  the  great  bulk  of  the  interior,  and  the  feeling  of  iso- 
lation caused  thereby;  the  stained  glass  windows  radiating  their 
dim  religious  light,  the  slow  measured  music,  the  Gregorian 
chant  of  the  choristers,  and  the  intoning  of  the  solemn  service, 
are  all  designed  to  impress  themselves  upon  the  worshipper 
through  the  eye  and  the  ear.  The  subtleties  of  the  art  of  il- 
lumination are  here  required  to  mark  the  "Stations  of  the  Cross" 
and  to  centre  the  whole  attention  of  the  believer  upon  the  Holy 
of  HoHes  beyond  the  chancel  rail,  while,  here  and  there,  dimly 
burning,  a  lamp  alone  marks  some  sacred  shrine  of  canonized 
saint  where  special  pleadings  may  be  made.  Within  the  Holy 
of  Holies,  in  the  Catholic  church,  where  formerly  only  towering 
wax  candles  shed  their  light  upon  solemn  or  festal  occasions, 
now  when  the  incense  is  rising  heavenward,  symbolizing  the  as- 
cending prayers,  and  the  priest  desires  to  impress  the  worshipper 
with  the  presence  of  the  Host,  suddenly  hundred  of  electric 
lamps  blaze  out  with  brilliancy  and  illuminate  the  central  theme 
of  their  worship, — the  Christ  risen. 

In  speaking  of  the  lighting  of  churches,  it  is  well  known  to 
most  architects  that  the  lighting  scheme  of  the  average  church 
leaves  much  to  be  desired.  Chandeliers  and  fixtures  are  fre- 
quently placed  without  regard  to  their  lighting  effect  or  the  shad- 
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ows  they  will  produce.  It  would  appear,  in  many  cases,  that 
after  the  building  had  been  constructed,  the  thought  has  sud- 
denly occurred  to  some  one  that  the  building  was  sometimes 
used  at  night,  and  then  fixtures  had  been  placed  where  space 
could  be  found  for  them. 

THEATRE    UGHTING. 

In  the  Elizabethan  days,  the  stage  was  lighted  by  oil  lamps. 
The  lines  were  everything  and  the  scenery  and  properties  little 
or  nothing.  Contrast  the  realistic  glow  of  the  moonlight  in 
one  of  Henry  Irving's  Venetian  street  scenes,  with  the  Eliza- 
bethan theatre  lighted  by  a  few  smoky  lamps  and  the  moon  made 
of  a  cheese  box  lighted  with  a  candle.  Compare  this  method  of 
lighting  with  the  modern  stage,  with  its  electric  appliances  de- 
signed to  create  dawn,  daylight,  sunlight,  the  deepening  shadows 
of  night,  the  glow  of  the  moon,  and  which  permits  the  electric 
wizard  to  rival  in  his  touch  the  Aladdin  of  old.  The  great  pow- 
ers of  suggestion  which  the  modern  stage  possesses  and  the 
effects  produced,  impressive  and  lasting  as  they  frequently  are, 
is  created  not  only  by  the  material  of  the  stage  fittings,  and  the 
power  of  the  artist,  in  his  word  portrayals  and  his  characteriza- 
tions, but  in  that  subtle  atmosphere  of  light  and  shadow,  or 
sunrise  and  sunset,  or  fire-light  glow,  which  the  electric  illumi- 
nator has  advanced  to  so  high  an  art. 

When  in  the  balcony  scene  Romeo  makes  love  to  Juliet,  every 
lover  in  the  audience  thrills  with  his  own  possibilities  in  that 
line,  and  he  is  influenced  not  so  much  by  the  tender  words  of 
Romeo,  or  the  ingenious  responses  of  the  gentle  Juliet,  as  by 
that  exquisite  mellow  light  of  the  amber  moon  which  suggests 
the  words  of  Pyramus  to  Thisby:  "Sweet  moon,  I  thank  thee 
for  thy  sunny  beams.  I  thank  thee  for  shining  now  so  bright, 
for  by  thy  gracious,  glittering  streams,  I  trust  to  taste  of  truest 
Thisby's — sight"  and  lo,  when  the  play  is  done,  can  you  realize 
that  it  was  electric  illumination  which  produced  the  illusion? 

Or  recall  some  stormy  night  when  the  bleak  wintry  wind 
was  howling  outside  and  you  were  comfortably  seated  in  a 
modern  theatre  looking  at  the  beautiful  scene  in  the  woodland 
where  the  fair  Parthenia  and  the  Barbarian  Ingomar  were  say- 
ing "two  souls  with  but  a  single  thought,  two  hearts  that  beat 
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as  one,"  which  forced  you  to  remember  some  of  your  own  suc- 
cesses or  failures  as  an  Ingomar,  and  after  the  curtain  has 
fallen  and  you  returned  to  the  street,  and  the  icy  blast  of  the 
winter's  night  froze  the  fond  words  of  the  lovers  in  your  ear, 
you  woke  up  to  the  realization  that  it  was  magic  of  the  elec- 
trician's art  that  transformed  the  crudities  of  the  scene  painter 
into  a  shaded  woodland  bower,  and  that  the  spring  like  glow 
which  warmed  the  cockles  of  your  heart,  and  also  concealed 
the  crows  feet  in  the  fair  Parthenia's  complexion,  and  shaded 
the  angular  form  of  the  aged  actress  into  the  gentle  roundness 
of  a  fresh  young  girl,  was  all  an  illusion,  brought  about  by  the 
skillful  placing  of  the  electric  lamps. 

In  the  theatre  it  may  be  said  that  architecture  and  illumina- 
tion meet  on  common  ground.  The  beauty  of  the  architecture, 
and  the  color  of  the  decoration  would  be  as  "sweetness  wasted 
upon  the  desert  air"  were  it  not  for  the  "bottled  sunshine"  of 
the  electric  lamp  which  dispels  the  darkness,  touches  up  the  high 
lights,  softens  the  shadows,  and  reproduces  on  the  stage,  at 
will,  all  the  wonderful  chromatic  values  of  sunshine  and  shade. 

The  New  Theatre,  of  New  York  City  exemplifies  the  highest 
development  in  the  electrical  art  applied  to  the  theatre.  In  the 
design  of  the  electrical  equipment,  former  precedents  have  been 
disregarded  and  new  precedents  have  been  established  by  which 
all  future  accomplishments  in  stage  lighting  will  be  measured. 
This  theatre  is  designed  as  an  opera  house,  theatre  and  concert 
hall,  and  in  every  detail  is  carefully  studied  out  to  meet  the 
most  exacting  requirements  and  produce  the  greatest  niceties 
of  light  and  shade  to  a  degree  never  before  attempted  The  re- 
quirements for  operatic  performances  make  unusual  and  ex- 
ceptional demand  for  lighting  effects,  which  have  been  most 
generously  met  in  this  installation. 

Beyond  the  most  bewildering  completeness  of  the  facilities 
provided,  the  chief  novelty,  if  the  word  may  be  used  in  such  a 
sense,  consists  in  the  adoption  of  "distant  control,"  which  means 
that  the  question  of  lighting  is  now  considered  such  a  vital 
part  of  the  effect  to  be  produced  that  the  switchboard  operator 
occupies  the  most  conspicuous  position  in  the  center  of  the 
stage  immediately  behind  the  foot-lamps.  Here  he  is  invisible  to 
the  audience  behind  a  hood  which  corresponds  in  position  to  that 
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occupied  by  the  prompter  on  the  operatic  stage.  From  this  hood 
the  whole  of  the  auditorium  and  the  stage  is  visible  to  the 
operator,  and  by  means  of  the  distant  control  he  regulates 
all  the  lamps  in  the  auditorium  as  well  as  all  those  on  the  stage, 
and  it  is  possible  for  him  to  supplement  the  effect  of  one  of 
them  with  the  other,  or  subordinate  the  one  to  the  other.  It 
has  been  customary,  heretofore,  to  have  the  dimmers  and  switches 
for  the  stage  and  auditorium  placed  upon  the  stage  behind  the 
curtain  and  operated  by  hand  control.  In  the  New  Theatre,  all 
switches  and  electric  mechanism  have  been  removed  from  the 
stage  and  placed  in  one  of  the  basement  apartments  and  there 
operated  by  motors  and  solenoids.  The  control  board  is  placed 
directly  beneath  the  front  part  of  the  stage  behind  the  foot- 
lamps  and  is  of  such  a  size  that  a  man  can  reach  it  with  ex- 
tended arms.  From  his  station  under  the  hood  the  operator 
can  set  any  and  all  of  the  dimmer  switches  at  any  desired  point, 
and  the  light  can  be  increased  or  diminished  at  a  speed  ranging 
from  two  seconds  to  fifteen  minutes.  One  need  not  be  a  stage 
manager  to  realize  the  unusual  possibilities  for  lighting  effects, 
such  as  sunset,  sunrise,  moonrise,  the  darkening  approach  of 
storm,  etc.,  which  such  control  affords.  By  double  and  triple  cir- 
cuiting of  the  fixtures  in  the  auditorium  the  operator  can  control 
the  illumination  in  the  house  to  suit  the  character  of  the  play, 
and  he  can  also  drive  patrons  to  their  seats  by  switching  off  the 
greater  part  of  the  lamps  in  the  corridors  as  a  signal  that  the 
performance  is  about  to  begin. 

The  stage  itself  is  very  extensive  in  all  its  dimensions,  and 
upon  it  has  been  expended  more  thought  and  labor  than  per- 
haps any  other  stage  in  existence.  The  pit  below  the  stage  is 
30  feet  deep,  and  there  is  a  clear  height  from  the  stage  floor 
to  the  rig  loft  of  117  feet.  The  stage  is  also  equipped  with  a 
revolving  floor  similar  to  an  automobile  turn  table,  which  makes 
it  possible  to  set  four  scenes  at  once,  so  that  in  shifting  from 
one  act  or  scene  to  another,  it  is  only  necessary  to  turn  the 
stage  to  an  angle  of  90°. 

In  the  borders,  strips,  foots  and  pockets,  use  is  made  of  the 
four-color  lighting  scheme  the  colors  being  red,  white,  blue  and 
amber.  The  borders  and  foots  are  arranged  in  four  sections 
across  the  stage,  each  with  four  colors  separately  dimmed  and 
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separately  controlled.  Each  dimmer  is  arranged  to  stop  at  any 
one  of  the  15  points  which  represent  the  full  range  of  the 
dimmers.  The  motion  of  each  individual  dimmer  is  also  ac- 
tuated by  electric  clutches  which  cut  out  any  one  of  these  15 
points.  For  each  dimmer,  a  limit  controller  can  be  set  to  stop 
the  dimmer  at  any  one  of  the  15  points  throughout  its  range. 
The  complete  mechanism  makes  it  possible  for  the  stage 
operator  to  control  any  individual  section,  turning  it  on  and  off, 
dimming  it  to  any  required  point  at  any  required  speed  and  in 
any  combination.  The  extreme  time  limits  at  which  the  dim- 
mers are  operated  range  from  two  seconds  to  15  minutes  in 
passing  from  full  bright  to  full  dim.  The  arrangements  of  the 
master  switches  and  the  master  dimmer  switches  makes  it  pos- 
sible to  set  lamps  for  one  scene  while  another  scene  is  being 
enacted,  it  being  necessary  at  the  beginning  of  the  next  scene 
merely  to  throw  on  the  master  switch  and  the  master  dimmer 
switch. 

SIGN    LIGHTING. 

The  subject  of  sign  lighting  is  one  demanding  immediate  at- 
tention. There  will  doubtless  be  in  a  few  years  legislation 
to  regulate  the  present  unrestrained  use  of  lamps  on  streets, 
buildings,  etc.  The  public  in  the  streets  and  tenants  occupying 
adjacent  properties  are  entitled  to  some  protection  for  the  often 
impudent  use  of  the  illuminated  signs,  to  force  upon  their  at- 
tention some  article  in  which  they  may  not  have  the  slightest 
interest.  The  invasion  of  our  privacy  by  such  methods  is  not  to 
be  commended.  Some  years  ago  an  ordinance  was  passed  re- 
quiring the  removal  of  all  swinging  signs  on  the  south  side  of 
Chestnut  Street,  Philadelphia,  which  ordinance  was  observed 
until  recently,  but  now  the  electric  sign  is  making  its  presence 
felt  in  a  very  unpleasant  way.  These  signs  are,  as  a  rule,  ugly, 
and  not  only  do  they  offend  the  eye,  but  interfere  with  the  vistas 
on  the  streets  and  obstruct  the  public  illumination.  Something 
should  be  done  to  prevent  our  streets  and  building  from  becom- 
ing "Midways"  of  advertising,  and  while  this  is  not  strictly  an 
architectural  matter,  its  relation  to  architecture  is  a  close  one, 
and  must  be  considered  sooner  or  later. 
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ILI.UMINATION  OF  BUILDING  EXTERIORS. 

The  illumination  of  exhibition  buildings  provides,  perhaps, 
the  most  spectacular  opportunity  for  combined  illumination  and 
architecture.  The  Paris  Exhibition  of  1899  was  probably  the 
first  notable  effort  in  this  direction  with  the  Eiffel  Tower  as  the 
'Tiece  de  Resistance."  The  Chicago  World's  Fair  found  this 
method  of  illumination  carried  to  a  wonderful  completeness.  This 
method  of  ihumination  has  now  become  so  general,  that  con- 
ventions and  celebrations  are  made  the  occasions  for  construct- 
ing purely  ornamental  architectural  forms  for  the  display  of  light; 
as  for  instance  the  Peace  Jubilee,  the  Elks  Convention,  the  G. 
A.  R.  Encampment,  in  Philadelphia. 

The  Philadelphia  City  Hall  has  now  as  part  of  its  equipment 
lines  and  festoons  of  wires,  upon  which  lamps  can  be  strung  upon 
festive  occasions ;  such  as  New  Year,  etc.  This  method  of  hght- 
ing  was  given  considerable  study  at  the  Pan-American,  and  the 
two  worlds  fairs;  and  at  Festival  Hall  of  St.  Louis,  many 
beautiful  effects  were  produced  by  the  fixed  and  projected  lights. 
It  would  seem  as  if  the  architectural  effect  of  this  method  of 
lighting  is  a  legitimate  subject  for  the  architect  to  consider.  The 
mere  stringing  of  lamps  on  the  outline  of  a  building  is  not 
necessarily  an  artistic  performance,  and  there  is  ample  room  for 
future  study  of  this  particular  subject. 

DISCUSSION. 

Mr.  K.  A.  Albrecht: — One  of  the  most  important  points  in 
Mr.  Furber's  paper  was  that  in  regard  to  street  lighting  and  signs. 
It  is  my  contention  that  as  soon  as  a  street  is  brilliantly  il- 
luminated with  high  candle-power  arc  lamps,  the  irregular  shout- 
ing signs  will  disappear.  In  Europe  the  preference  is  for  white 
light  for  street  lighting.  The  yellow  is  used  more  for  sensational 
effects  (yellow  newspapers)  and  also  for  foundries  and  factories 
on  account  of  its  penetrating  power. 

Mr.  Albert  Jackson  Marshall: — The  subject  of  design  in  light- 
ing installations  should  not  be  confined  solely  to  buildings  of  well 
defined  periods  of  architecture,  but  should  also  be  exercised  in 
the  most  utilitarian  sort  of  places,  for  instance,  such  as  store 
lighting.     It  has  been  somewhat  customary  in  the  past  to  suggest 
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the  same  lighting  installation  for  all  stores,  irrespective  of  their 
different  usages  and  different  treatments  of  decoration.  Just  be- 
cause they  were  considered  "commercial"  and  utilitarian"  any- 
thing was  thought  good  enough  provided  it  produced  the 
required  foot-candle  intensity  of  illumination,  the  result  being 
that  most  all  stores  one  sees  look  alike,  destroying  absolutely  all 
"individualism"  or  "character"  and  thus  materially  reducing  the 
advertising  value  of  the  lighting  installations ;  in  fact,  most  of 
such  installations  seen  border  on  a  state  of  monotony,  which 
eventually  must  give  way  to  a  saner  treatment. 

The  carbon  dioxide  vapor-tube  lamp  possesses  some  distinct 
advantages  which,  to  my  mind,  sooner  or  later,  will  be  brought 
into  actual  use.  Its  color  is  perhaps  the  closest  approach  to  day- 
light now  p.vailable,  and  iS,  therefore,  of  considerable  value  where 
matching  the  colors,  such  as  in  silk  mills,  is  of  primary  im- 
portance. Other  uses  to  which  I  think  the  lamp  will  be  put  is 
that  of  outlining  of  buildings  where  its  low  intrinsic  brilliancy 
will  accentuate  architectural  lines  without  casting  the  rest  of  the 
building  into  dense  shadow  as  is  ofttimes  the  case  where  incan- 
descent lamps  are  used. 

J.  v;ant  to  call  attention  to  a  detail  in  connection  with  the 
architectural  design  of  lamp  posts  which  may  have  escaped 
attention.  I  have  noticed  on  numerous  occasions  lamp  posts 
weighing  perhaps  a  ton  or  more,  equipped  with  frail,  delicate 
ground  glass  balls,  which  even  when  an  illuminant  was  not 
lighted  in  them,  certainly  did  not  present  a  thoroughly 
harmonious  feeling  with  the  posts.  When  a  single  lamp  is  used 
in  the  center  of  such  a  ball,  the  delicacy  becomes  the  more  evident 
and  likewise  the  sphere  is  diminished,  apparently,  to  the  size  of 
the  light  source ;  it  appears  as  a  spot  of  light  in  the  center  of  the 
sphere,  thus  throwing  out  of  balance  the  entire  post.  When  two 
or  more  lamps  are  used  inside  of  a  ball  and  lighted,  the  points  of 
light  being  unsymmetrically  placed,  not  only  the  ball  but  the  entire 
post  is  distorted  and  presents  a  most  unartistic  appearance. 
Ground  glass  used  alone  is  not  a  perfect  diffuser,  neither  does 
it  materially  re-direct  the  rays  of  light  in  useful  directions. 
About  the  only  thing  to  recommend  it  is  its  cheapness.  It  seems 
to  me  that  when  an  expensive  post  is  being  erected  a  few  more 
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cents  could  be  expended  for  glassware  which  would  be  suitable 
for  the  condition. 

With  regard  to  arc  lamps  possessing  great  brilliancy,  I 
wish  to  voice  my  sentiments  as  being  most  strongly  opposed  to 
the  use  of  such  lamps  on  the  streets,  unless  their  brilliancy  can 
be  modified  to  the  extent  of  being  acceptable  to  the  eye  and 
the}^  are  placed  at  reasonable  height  above  the  street  level. 
There  recently  have  been  installed  in  Newark,  N.  J.  quite  a  num- 
ber of  flaming  arc  lamps ;  in  most  instances  they  are  placed  at 
such  a  height  above  the  sidewalk  that  one  is  about  blinded  in 
attempting  to  walk  along  the  streets.  I  think  that  such  usage  is 
almost  criminal,  and  sooner  or  later  they  will  either  be  removed, 
or  placed  at  such  positions  as  not  to  be  injurious  to  the  eyes  of 
those  who  pass  by.  It  might  be  of  interest  to  some  to  learn  that  a 
bill  is  now  being  prepared  by  the  New  York  Legislature  designed 
to  eliminate  such  usage  as  1  have  referred  to  and  it  seems  to  me 
that  before  allowing  senators  who  know  nothing  about  light  to 
tell  us  how  to  use  light,  we  should  do  something  ourselves. 

As  regards  color,  I  disagree  with  the  previous  speaker  that  the 
white  light  is  the  best  color  for  all  classes  of  work,  especially 
street  lighting.  I  am  under  the  opinion  that  the  quality  of  light 
obtained  from  the  ordinary  so-called  "yellow  flaming  arc  lamp"  is 
preferable  to  that  obtained  from  the  "white"  flaming  arc  lamp. 
In  the  first  place,  the  yellow  light  more  deeply  penetrates  fogs 
and  smoke,  secondly,  it  is  more  acceptable  to  the  eye,  and  thirdly, 
it  gives  a  warmer  tone  to  the  streets  than  the  cold,  hard  effect 
created  by  the  white  light.  In  fact,  I  have  on  previous  occasions 
advocated  the  use  of  lightly  tinted  straw  opalescent  globes  on 
enclosed  carbon  arc  lamps  in  place  of  the  white  opalescent. 

Mr.  J.  D.  Israel: — Mr.  Furber  thinks,  or  seems  to  think,  that 
electric  signs  should  be  tabooed  and  we  should  have  less  of  them. 
I  think  we  should  have  more  of  them.  We  court  the  criticism  of 
the  architects  and  designers,  and  we  ask  their  help  and  aid  im 
getting  out  more  artistic  designs.  In  some  Southern  cities,  a 
permit  for  the  erection  of  electric  signs  carries  with  it  an  obliga- 
tion to  keep  that  sign  in  use  until  a  certain  hour  of  the  night, 
which  may  be  11  or  12  o'clock,  according  to  the  particular  town. 
The  idea  is  that  if  permission  is  given  to  erect  such  a  sign^ 
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it  must  help  to  illuminate  the  streets,  and  give  the  town  a 
Metropolitan  air. 

Mr.  W.  J.  Serrill: — I  am  disposed  to  agree  with  the  opinion 
that  a  yellow  light  is  to  be  preferred  to  white  in  many  places. 
Consider  two  lamps  giving  the  same  candle-power,  one  white  and 
one  yellow ;  the  white  always  seems  to  be  the  brighter.  Many 
people  in  stores  and  other  commercial  places  prefer  a  white  light, 
because  it  seems  to  be  brighter  and  more  brilliant  than  the 
yellow  light  of  the  same  candle-power.  However  for  resi- 
dence use  and  for  interiors  used  for  social  purposes,  I  think  that 
the  satisfactory  light  is  somewhat  yellow. 

Mr.  Alhrccht: — While  it  is  true  that  yellow  gives  to  the  eye 
a  temporarily  pleasing  effect,  I  maintain  that  yellow  fatigues 
the  eye  more  quickly  than  does  white.  White  being  a  neutral  color 
is  the  least  tiring,  especially  so  as  the  eye  is  accustomed  to  white 
sunlight — the  yellow  of  the  sun  set,  also  the  violet  or  green  or 
any  other  soft  color  produced  by  clouds  of  difi'erent  density 
surrounding  the  sinking  sun  please  the  eye  for  a  while,  because 
like  all  our  senses  it  welcomes  a  change  and  the  whole  physical 
system  being  tired  enjoys  the  decreased  intensity  of  illumination 
which  hammered  on  its  nerves  all  day. 

Materially  decreased  intensity  compared  with  sunlight  for  night 
illumination  is  undoubtedly  desirable,  but  there  is  no  question 
that  well  diffused  white  light  is  the  most  natural.  The  change 
which  the  eye  needs  we  can  get  from  the  colored  objects  il- 
luminated by  white  light;  to  study  and  provide  this  change  of 
color  is  one  of  the  architect's  functions — he  can  make  a  room 
either  enjoyable  or  tiresome  and  monotonous  by  proper  attention 
to,  or  disregard  of,  colors  in  his  decorations. 

Mr.  Norman  Macbeth : — The  question  of  the  color  of  light — 
yellow  against  white — has  brought  out  much  discussion.  In- 
vestigation by  Dr.  Ives  has  developed  the  fact  that  incandescent 
gas  mantles  approach  closer  to  white  light  standards  than  any  of 
the  electric  incandescent  lamps,  yet  more  fault  has  been  found 
with  incandescent  mantle  lamps  in  residence  work  than  with 
other  lamps  which  cannot  by  any  method  be  conceived  as  giving 
white  light.  It  is  generally  admitted  that  we  have  sources  which 
are  satisfactory  for  matching  colors,  and  that  is  about  all  we 
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want  white  light  for.  I  think  the  white  light  is  entirely  a  matter 
for  color  process  photo-engraving  and  color  matching,  where  one 
must  have  a  white  light  or  a  light  containing  all  the  colors  to  get 
results. 

Bringing  in  the  architectural  features,  as  it  does,  this  paper 
is  extremely  valuable.  We  have  had  some  trouble  to  get  the 
architects  and  decorators  on  record  and  I  believe  that  when  we 
do,  there  will  be  less  room  for  disagreement.  Judging  by  the 
very  able  papers  so  far  presented  before  this  society  on  these 
subjects,  I  do  not  think  it  will  be  more  than  a  year  or  so 
before  we  have  better  understanding  which  will  be  mutually 
advantageous. 


<.>^ 
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DECEMBER  8,   1910. 

The  Council  met  in  the  general  office  of  the  Society  on  De- 
cember 8.  After  the  minutes  of  the  previous  meeting  were  ap- 
proved, a  report  of  the  secretary  on  the  financial  and  the  mem- 
bership status  of  the  society  was  read  and  accepted. 

President  E.  P.  Hyde  reported  orally  for  the  Lecture  Com- 
mittee that  the  final  report  of  that  committee  had  not  been  pre- 
pared because  they  had  further  duties  to  perform.  These  he  said 
would  be  completed  shortly  and  the  report  would  probably  be 
ready  for  the  next  meeting.  He  added  that  the  work  of  publish- 
ing the  recent  lectures  on  illuminating  engineering  by  Johns 
Hopkins  University  was  in  progress. 

Mr.  L.  B.  Marks,  chairman  of  the  Finance  Committee,  sub- 
mitted the  November  vouchers  aggregating  $4109.20,  which  the 
committee  had  approved,  and  a  statement  of  the  expenses  in- 
curred by  the  Society  in  connection  with  the  recent  course  in 
illuminating  engineering  at  Johns  Hopkins  University.  The 
Secretary  was  directed  to  pay  the  vouchers  and  to  transmit  the 
statement  of  lecture  course  expenses  to  the  University. 

The  final  report  of  Mr.  V.  R.  Lansingh,  chairman  of  the 
1910  Convention  Committee  was  accepted  and  placed  on  file. 

To  count  the  ballots  of  the  current  election  of  officers.  Dr.  C. 
H.  Sharp,  was  appointed  chairman  of  a  committee  of  five. 
Messrs.  Albert  J.  Marshall,  H.  Thurston  Owens,  E.  F.  Tweedy 
and  Dr.  A.  H.  Elliott  were  named  as  the  other  members  of  the 
committee. 

Preston  S.  Millar,  General  Secretary,  was  appointed  a  com- 
mittee of  one  to  prepare  the  report  from  the  Council  to  the 
Society  to  be  presented  at  the  annual  meeting  on  January  13, 
1911. 
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The  election  to  membership  of  thirteen  appUcants,  and  the 
delegation  to  a  committee  for  consideration  of  the  adoption  of 
a  code  of  symbols  inaugurated  by  a  sister  organization  were 
among  the  other  business  transacted.  Finally  the  Society's  pro- 
cedure in  releasing  its  papers  to  the  technical  press  and  the 
policy  of  excluding  from  the  Transactions  all  trade  names 
were  each  discussed  at  length. 

Those  present  at  the  meeting  were,  Dr.  E.  P.  Hyde,  President, 
iDr.  A.  S.  McAUister,  Dr.  E.  B.  Rosa,  W.  Cullin  Morris,  Treas- 
urer; L.  B.  Marks  and  Basset  Jones,  Jr. 


SECTI0:N^    MEETIIS^GS. 


CHICAGO   SECTION. 

The  regular  monthly  meeting  of  the  Chicago  Section  was  held 
at  noon  on  December  15,  in  the  Great  Northern  Hotel,  being 
preceded  as  usual  by  a  luncheon.  John  M.  Bryant,  assistant 
professor  of  electrical  engineering,  and  Harry  Gray  Hake,  in- 
structor in  electrical  engineering,  University  of  Illinois,  pre- 
sented a  paper  on  ''Comparative  Costs  of  Producing  Light  with 
Different  Illuminants."  This  paper  embodied  a  comparison  of 
thirty-one  types  of  electric  illuminants  and  ten  types  of  gas, 
acetylene,  kerosene,  gasoline  and  alcohol  illuminants.  The  basis 
of  comparison  was  the  cost  of  various  rates  for  energy,  gas, 
oil,  etc.,  of  producing  100,000  lumen-hours,  maintenance  being 
included.  The  paper  was  discussed  by  Messrs.  Ward  Harrison, 
Albert  Scheible,  C.  M.  Oxford,  T.  R.  Beebe,  T.  H.  Aldrich,  A. 
L.  Eustice,  Chairman  F.  J.  Pearson,  Mr.  Hake  and  Prof.  Bryant. 

At  the  meeting  to  be  held  on  January  12,  Mr.  A.  L.  Eustice,  of 
the  Nernst  Lamp  Company,  will  present  a  paper  on  "Luminous 
Efficiency,"  which  will  review  and  discuss  a  paper  on  the  same 
subject  presented  before  the  Society  by  Dr.  Herbert  E.  Ives 
some  time  ago. 

NEW    YORK    SECTION. 

Two  papers  were  presented  at  the  meeting  of  the  New  York 
Section  held  in  the  Engineering  Societies  Building  on  Decem- 
ber 8.  A  paper  by  Prof.  Edward  L.  Nichols,  of  Cornell  Uni- 
versity, entitled  "Some  Notes  of  the  Early  History  of  Stand- 
ards of  Light"  was  presented  in  abstract  by  Mr,  Albert  Jack- 
son Marshall.     This  paper  appears  in  the  present  issue. 


SJiCTlON    MEliTlNGS  84I 

Mr.  Bassett  Jones,  Jr.  presented  a  paper  entitled  "The  Light- 
ing of  the  Allegheny  County  Soldiers'  Memorial."  This  paper 
was  discussed  by  Messrs  A.  J.  Marshall,  Henry  Hornbostel,  G. 
H.  Stickney,  J.  B.  Taylor,  L.  K.  Conistock,  E.  ElUnger  and 
Bassett  Jones^  Jr. 

At  a  meeting  to  be  held  on  January  12,  Dr.  Nelson  M.  Black, 
Milwaukee,  Wis.,  will  present  a  paper  entitled  "Artificial  Il- 
lumination as  a  Factor  in  the  Production  of  Ocular  Discomfort." 
Dr.  P.  W.  Cobb,  Physiologist  of  the  National  Electric  Lamp 
Association,  Cleveland,  Ohio,  will  read  a  paper  entitled  "Physi- 
ological Points  Bearing  on  Glare."  Mr.  Paul  Bauder,  of  the 
National  Electric  Lamp  Association,  will  present  a  paper  entitled 
"Reflection  Coefficients."  The  photometry  of  mercury-vapor 
lamps  will  be  treated  in  a  paper  by  Dr.  J.  C.  Pole,  of  the  Cooper- 
Hewitt  Electric  Company. 

At  the  February  meeting  Mr.  Bassett  Jones,  Jr.,  will  read  a 
paper  entitled  "The  Polar  Curves  of  Finite  Line  and  Surface 
Sources,"  and  Mr.  Henry  Hornbostel  will  lead  a  discussion  of 
the  subject  "Light  and  Architecture." 

ne:w  e:ngIvAnd  section. 

At  a  meeting  of  the  New  England  Section  held  in  the  Edison 
Building,  Boston,  on  December  12,  Mr.  C.  A.  B.  Halvorsen 
presented  an  illustrated  paper  entitled  "The  Evolution  of  the 
Arc  Lamp." 

PHII^ADElvPHIA  SECTION. 

A  meeting  of  the  Philadelphia  Section  was  held  on  Decem- 
ber 16,  at  which  time  a  paper  entitled  "The  Lighting  of  a  Large 
Stable   Building"   was   presented  by   Mr.   L.    B.   Eichengreen. 
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SOME  NOTES  ON  THE  EARLY  HISTORY  OF  STAND- 
ARDS OF  LIGHT/ 


BY    EDWARD   L.    NICHOIvS. 


The  year  1884  is  a  convenient  epoch  at  which  to  close  what 
may  be  termed  the  early  history  of  photometric  standards.  In 
that  year,  for  the  first  time,  the  condition  commonly  recognized  by 
photomotricians  as  essential  to  the  satisfactory  primary  standard 
of  light ;  that  is,  the  maintenance  of  a  substance  of  definite  com- 
position in  a  constant  and  reproducible  state  of  incandescence, 
was  reasonably  fulfilled  by  means  of  the  amyl-acetate  lamp  of 
von  Hefner-Alteneck.^ 

In  1884  likewise  the  first  international  agreement  upon  a 
standard  of  luminous  intensity  was  reached  by  the  adoption  of 
the  violle   by   the   Paris   conference. 

These  notes,  for  which  no  claim  of  completeness  is  made,  deal 
with  the  period  prior  to  1884. 

THE    CANDLE. 

The  beginnings  of  photometry  were  astronomical.  Even  be- 
fore the  time  of  ijouguer  (1729),  who  is  commonly  regarded 
as  the  father  of  the  science,  attempts  were  made  by  Huyghens  to 
estimate  the  relative  brightness  of  the  sun  and  of  the  fixed  star 
Sirius.  He  expressed  the  intensity  of  the  star  in  terms  of  the 
portion  of  the  sun's  disk  which  when  viewed  through  the  tele- 
scope would  present  a  corresponding  appearance.  Bouguer"  esti- 
mated the  intensity  of  sunlight  and  of  moonlight  directly  in 
candle-power  and  he  seems  to  have  regarded  the  candle  as  the 
most  convenient  and  obvious  photometric  standard.  He  did  not 
go  further  in  designating  what  a  standard  candle  should  be  than 
to  speak  of  carefully  selecting  those  that  were  of  the  same  size. 
Lambert*  (1760)  also  used  candles  in  his  photometric  experi- 
ments. 

'  A  paper  presented  at  a  meeting  of  the  New  York  vSection  of  the  Illuminating  Kiigi- 
neering  Society,  December  8,  1910. 

-  As  to  the  validity  of  the  claims  of  the  advocates  of  the  Hefner  lamp,  it  is  only  neces- 
sary to  refer  to  the  recent  findings  of  the  photometricians  of  the  United  States  Bureau  of 
Standards  concerning  its  remarkable  constancy  and  reproducibility. 

3  Bouguer  :  Traits  d'Optique,  p.  4,  et  seq. 

*  Lambert  :  Photometria. 
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Rumford^  (1794)  went  further  than  his  predecessors.  In  his 
description  of  his  improved  photometer  he  says  "To  fill  the 
important  office  of  a  standard  of  light  with  which  all  others  are 
compared,  I  have  chosen  a  wax  candle  of  the  first  quality,  just 
eight-tenths  of  an  English  inch  in  diameter  and  which  when 
burning  with  a  clear  and  steady  flame  has  been  found  to  consume 
very  uniformly  108  grains  Troy  of  wax  per  hour." 

Rumford  who  deserves  to  be  acclaimed  as  the  first  of  il- 
luminating engineers  was  engaged  at  this  time  in  the  construction 
of  various  public  institutions  for  the  Bavarian  government.  As 
a  part  of  this  work  he  attacked  the  problem  of  artificial  lighting 
in  a  truly  scientific  spirit.  He  investigated  all  the  existing 
sources  of  light,  recognized  the  superiority  of  lamps  of  the 
Argand  type  (which  had  been  invented  in  1784)  and  devised 
multiple  wick  burners  of  50  candles  or  more.  It  was  for  the 
study  of  these  light  sources  that  he  perfected  the  shadow  photo- 
meter of  Lambert  which  became  in  his  hands  an  instrument  of 
precision. 

It  was  in  planning  the  Houses  of  Industry  for  the  poor  in 
Mannheim  and  Munich  that  the  problem  of  adequate  lighting 
was  forced  upon  his  attention.  "In  lighting  up  these  spacious 
establishments"  he  says  "I  first  learned  to  know  how  much  room 
there  was  for  improvement  in  the  art  of  illumination." 

How  well  Rumford  appreciated  the  need  of  the  scientific 
method  in  illumination  is  clear  from  the  following  quotation. 

"What  vast  sums  are  expended  In  dispelling  the  obscurity  of 
the  night  in  every  part  of  the  world ;  and  yet  in  what  a  deplorable 
state  is  the  science  which  ought  to  elucidate  all  the  details  of  that 
important  operation.  How  is  it  possible  to  labor  with  any  pros- 
pect of  success  to  improve  the  methods  employed  in  illumina- 
tion so  long  as  we  remain  so  perfectly  ignorant  respecting  the 
nature  of  light."  This  was  written  at  a  time  when  Rumford  was 
busy  devising  experiments  to  overthrow  the  emission  theory  of 
light  and  the  caloric  fluid  theory  of  heat. 

Rumford  had  no  illusions  as  to  the  reproducibility  of  the 
candle  in  any  broad  sense.  He  sought  only  a  reasonable  con- 
stancy of  standardization  for  his  own  experiments  and  to  secure 

»  Rumford  :  Life  and    Works,  Vol.  IV,  p.  1S7. 
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this  selected  in  advance  his  stock  of  candles  which  he  hoarded 
carefully;  realizing  that  on  replenishing  his  stock  he  would  not 
be  likely  to  be  able  to  duplicate  them.  He  found  Argand  burners 
to  afford  greater  steadiness  than  the  candle  but  not  to  be 
depended  upon  from  day  to  day  without  calibration.  He  there- 
fore used  an  Argand  lamp  as  a  secondary  standard,  comparing 
it  before  each  set  of  observations  with  the  candle  and  using  the 
latter  only  to  check  the  performance  of  the  lamp. 

The  British  standard  candle  is  usually  spoken  of  as  the  oldest 
of  such  standards  and  this  is  doubtless  true  so  far  as  legalized 
standards  are  concerned.  It  was  defined  by  parliament  in  the 
Metropolitan  Gas  Act  of  i860  as  a  standard  spermaceti  candle 
]4,  pi  an  inch  in  diameter  and  burning  120  grains  in  the  hour. 

Candles  were,  however,  employed  in  England  for  photometric 
purposes  at  a  much  earlier  day.  Murdoch,  the  Cornwall  mine 
owner,  who  was  the  first  to  make  coal  gas  in  Great  Britain  and 
who  lighted  his  home  and  offices  in  this  way  as  early  as  1792  is 
said  to  have  used  tallow  candles  in  gas-photometry  in  1808.^  His 
standards  weighed  six  to  the  ^ound  and  consumed  175  grains  per 
hour. 

Leslie,^  in  his  photometric  work  adopted  the  wax  candle  as 
his   standard. 

The  German  candle  or  Vereins-kerze  appeared  more  than 
twenty  years  after  the  British  candle  in  1882.  It  was  a  paraffin 
candle  20  mm.  in  diameter  and  having  a  flame-height  of  50  mm. 
and  was  the  result  of  fourteen  years  of  labor  on  the  part  of  a  com- 
mission of  the  Union  of  Gas  and  Water  Engineers.  This  was  a 
case,  where,  to  turn  an  old  saying  about,  the  candle  was  not  worth 
the  game ;  for  in  spite  of  the  long  continued  painstaking  in- 
vestigations of  which  is  was  the  product  it  was  but  a  slight 
improvement  over  the  British  candle  and  the  same  may  be  said 
of  the  other  German  standard  known  as  the  Munich  candle.  The 
latter  was  a  stearine  candle  23  mm.  in  diameter  at  the  base,  20.5 
mm.  above  and  310  mm.  long.  The  normal  flame-height  was 
52  mm.     It  attained  local  application  as  being  temporarily  the 

<5  Dibdin  :  Public  Ivighting  by  Gas  and  Electricity,  p.  34. 
"  Dibdin  :  1.  c. 
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accepted  standard  in  an  agreement  between  the  city  of  Munich 
and  the  manufacturers  of  gas. 

The  star  candle  of  France  had  a  much  earlier  and  less  pre- 
tentious origin.  About  1830  DeMilly^  discovered  a  cheap  method 
of  separating  stearic  acid  from  the  glycerine  and  other  substances 
in  fats  and  in  partnership  with  Motard  he  established  a  factory 
near  the  Barriere  dt  i'Etoile;  whence  the  name  bougie  de  1' 
Etoile.  Peclet^  who  tested  the  first  products  of  this  factory  in 
1830  found  the  candles  to  burn  10  gms.  an  hour  and  to  equal  1/7 
of  a  carcel  in  brightness.  Palaz  remarks  that  such  candles  are 
no  longer  to  be  found  in  France,  the  best  not  giving  more  than 
^  of  a  carcel.  In  England  on  the  contrary  according  to  Heisch 
and  Hartley  modern  candles  (in  1884)  were  giving  more  light 
for  the  same  consumption  of  spermaceti  than  was  formerly  the 
case. 

The  fourteen-year  campaign  of  the  German  commissioners 
who  brought  out  the  Vereins-kerze  is  only  one  example  of  the 
incredible  amount  of  work  that  was  done  in  the  attempt  to  make 
of  the  candle  a  satisfactory  photometric  standard  and  to  de- 
termine, what  from  the  very  nature  of  the  case  is  indeterminate, 
the  exact  relations  of  the  various  candles  to  each  other  and  to 
other  photometric  standards.  And  yet  it  was  only  necessary  to 
substitute  for  the  eye  a  suitably  constructed  bolometer  and  a 
quick  acting  galvanometer  of  sufficient  sensitiveness  and  with 
such  an  instrument  to  record  the  life  history  of  any  candle,  as  was 
done  by  C.  H.  Sharp  and  the  late  C.  P.  Matthews  in  1896,  in 
order  to  demonstrate  once  for  all  the  worthlessness  of  such 
sources  of  light  as  photometric  standards. 

I  venture  to  reproduce  from  the  report  of  a  Committee  of  the 
Institute  of  Electrical  Engineers,  in  which  the  work  just  men- 
tioned appeared,^*'  diagrams  illustrating  the  typical  behavior  of 
the  British  standard  candle  and  the  German  candle  burning 
under  the  best  conditions  these  skilled  photometricians  were  able 
to  secure.  (See  Figs,  i  and  2).  That  the  vagaries  exhibited  in 
these  curves  were  not  due  to  any  fault  in  the  method  may  be 

"  Encyc.  Britt.,  9th  Edition.  Vol.  IV.,  p.  S02,  gives  the  date  a.s  1831. 
«  See  Palaz  :  Photometric  Industrielle,  p.  107. 

II  Nichols,  vSharp  and  Matthews  :   Trans.  A.  I.E.  E.,  Vol.  XIII  {1896). 
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seen  by  comparing  them  with  the  corresponding-  curve  for  the 
pentane  lamp  (Fig.  3).  The  latter  shows  the  gradual  creeping 
up  of  the  flame  and  the  amenability  of  the  lamp  to  readjustment 
as  shown  by  the  approach  to  a  horizontal  line  which  follows  the 
second  break  in  the  curve. 

With  such  evidence  of  the  utter  unreliability  of  the  candle  as 
a  photometric  standard  it  is  easy  to  understand  the  discrepancies 
of  the  early  attempts  to  reach  some  common  ground  and  to  bring 
the  various  candle  standards  into  accord.  The  long  continued 
and  laborious  efforts  of  English,  German,  Dutch  and  French 
photometricians  in  this  field  is  a  monument  to  the  extraordinary 
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Fig.  3. — Variation  in  the  light  output  of  the  Harcourt  pentane  lamp. 

conservatism  of  the  human  race  and  to  its  fondness  for  cling- 
ing to  things  of  the  past  however  imperfect. 

THK    CARCKly. 

This  source  of  light,  which  is  a  modification  of  the  oil  lamps 
with  central  draft  invented  by  Argand,  was  devised  by  Carcel  and 
Carreau  in  1800.  It  does  not  appear  to  have  been  originally 
intended  as  a  photometric  standard  but  for  general  domestic 
service. 

Argand's^^  original  lamp  was  described  in  February  1784  and 
it  revolutionized  the  artificial  lighting  of  the  period.  Some  years 
later  Lange  modified  the  glass  chimney  by  adding  the  con- 
traction at  the  base  of  the  flame.  Carcel's  contribution  con- 
sisted in  the  mechanical  device  for  keeping  the  wick  uniformly 
flooded  with  colza  oil  and  this  added  greatly  to  the  steadiness 
and  reliability  of  the  lamp. 

In  the  ninth  year  of  the  French  republic  (1801)  we  find  it 
recorded  that  "Citizen  Guyton  reported  on  the  mechanical  lamp 

"^"^  Journal  de  Physique,  Feb.,  1784,  p.  59. 


NICHOLS:       EARLY    HISTORY   OF    STANDARDS   OF   LIGHT         849 

of  Carcel  and  Carreau."  "This  lamp,"  he  declares  "is  designed 
to  add  a  new  degree  of  perfection  to  lamps,  with  central  draft 
as  regards  intensity,  economy  and  convenience  for  daily  use."'^ 
The  Carcel  lamp  owed  its  introduction  as  a  standard  to  the 
labors  of  Arago  and  Fresnel.  These  eminent  men  of  science 
were  for  many  years  engaged,  in  the  improvement  of  the  light 
house  service  of  France.  In  1822  Fresnel  in  his  memoir  On  a 
Netv  System  of  Coast  Lights^^  used  the  carcel  as  the  standard  in 
terms  of  which  to  define  the  power  of  the  special  oil  lamps  with 
several  concentric  wicks  which  were  being  introduced  into  his 
light  houses.     One  of  these  had  an  intensity  of  seventeen  carcels. 

Arago  and  Fresnel  also  made  an  extensive  study  of  the  per- 
formance of  illuminating  gas  with  the  idea  of  installing  insolated 
gas  plants  at  some  of  the  more  important  light  houses  and  of 
substituting  large  gas  burners  of  the  Argand  type  for  oil  lamps. 
In  this  study  they  likewise  used  the  carcel  as  a  photometric 
standard  and  when  in  1845  ^^  agreement  was  drawn  up  between 
the  government  and  the  company  supplying  street  gas  in  Paris 
they  specified  on  behalf  of  the  city  the  performance  which  was  to 
be  demanded  in  terms  of  the  carcel. 

In  1856  complaints  of  the  poorness  of  Paris  gas  led  to  the 
appointment  of  another  commission  consisting  of  Dumas,  the 
chemist,  and  Regnault,  two  of  the  most  illustrious  experimenters 
of  their  time.  They  made  further  detailed  studies  of  the  Carcel 
lamp,  determined  the  effects  of  wick-height  and  of  the  position 
and  diameter  of  the  contraction  of  the  chimney  and  established 
standard  conditions  for  its  use.  They  specified  42  grams  an  hour 
of  colza  oil  as  the  normal  consumption  having  found  this  the 
amount  which  gave  the  best  results.  They  said  frankly  that  it 
is  difficult  to  indicate  in  a  general  manner  the  conditions  under 
which  the  Carcel  lamp  will  give  a  determinate  and  constant  efifect, 
that  two  lamps  having  the  same  diameter  of  wick  and  the  same 
capacity  will  differ  in  the  consumption  and  in  brightness  and 
that  the  temperature  of  the  lamp,  the  duration  of  burning  and 
the  amount  of  oil  in  the  lamp  will  affect  the  intensity  of  the  flame. 
They  found  that  before  using  the  Carcel  lamp  as  a  standard  it 

12  Annales  de  Chimie  et  de  Physique,  Vol.  XXXVIII,  p.  135  (1801). 
i"'  Fresnel  :  Oeuvres  Completes  T.  III. 
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was  necessary  to  determine  experimentally  the  conditions  under 
which  it  indiindiially  zcould  give  the  greatest  constancy  of  per- 
formance.'^^ In  spite  of  these  difficulties  Dumas  and  Regnault 
drew  up  official  specifications  for  a  standard  Carcel  lamp  to  be 
used  as  the  reference  standard  in  testing  the  gas  of  the  City  of 
Paris.     The   following   dimensions    are   given : — 

Standard  Carcel  Lamp. 

niui. 

Exterior  diameter  of  burner 23.5 

Diameter  of  interior  air  tube 17.0 

Diameter  of  exterior  air  tube 45.5 

Total  height  of  chimney 290.0 

Distance  of  contraction  from  base  to  chimney 61.0 

Diameter  at  level  of  contraction 47.0 

Diameter  at  top  of  chimney 34.0 

Thickness  of  glass  of  chimney 2.0 

Wick  to  have  75  strands  and  to  weigh  3.6  grams  per  length  of 
10  CHL ;  wick  to  be  kept  in  a  desiccator  with  quick  lime  and  a 
new  one  employed  at  each  lighting;  the  colza  oil  to  be  purified 
and  the  wick  to  be  adjusted  until  the  rate  of  combustion  is  42 
grams  an  hour. 

The  carcel  thus  became  the  legal  standard  for  Paris  and  mdeed 
for  all  France.  Its  merits  were  violentlv  contested  bv  Eng-Hsh 
and  German  photometricians  but  continued  to  be  so  warmly 
advocated  by  those  who  were  long  accustomed  to  its  use  that  at 
the  first  sitting  of  the  International  conference  in  Paris  in  1881 
it  was  adopted  as  the  temporary  practical  unit  pending  the 
establishment  of  an  absolute  standard. 

platinum  standards. 

The  first  definite  suggestion  of  the  use  of  incandescent  platinum 
as  a  standard  of  light  was  made  by  J.  W.  Draper  in  1847  in  his 
classical  memoir  on  the  temperature  at  which  incandescence  be- 
gins and  on  the  development  of  the  visible  spectrum  with  further 
rise  of  temperature.^^ 

Draper  determined  the  temperature  of  a  strip  of  electrically 
heated  platinum  by  measuring  its  elongation.  He  says  in  the 
concluding  paragraph  of  his  paper : — 

J*  Audoin  and  Bcrard  :  Annales  de  Chimie  et  de  Physique.  IV.  Vol.  I.XV.  p.  42?. 
'5  Draper,  J.  W.:  Am.  Jour.  o/Scimce.  (2).  Vol.  IV.  (iS47^. 
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''Among  the  writers  on  Optics  it  has  been  a  desideratum  to  ob- 
tain a  Hght  of  standard  brilHancy.  A  surface  of  platinum  of 
standard  dimensions  raised  to  a  standard  temperature  by  a 
voltaic  current  will  always  emit  a  constant  light.  A  strip  of  that 
metal  one  inch  long  and  i  20  of  an  inch  wide  connected  with 
a  lever  by  which  its  expansion  might  be  measured  would  yield  at 
2,000^  (F)  a  light  suitable  for  most  purposes.  Moreover  it 
would  be  easy  to  form  from  it  a  photometer  by  screening  por- 
tions of  the  shinin.g  surface.  An  ingenious  artist  would  have 
little  difficulty  in  taking  advantage  of  the  movements  of  the 
lever  in  making  a  self  acting  apparatus  in  which  tlie  platinum 
would  be  maintained  at  a  uniform  temperature,  notwithstanding 
any  change  taking  place  in  the  voltaic  current." 

Forty  years  later  tlie  present  writer^^  in  a  more  detailed  study  of 
the  visible  radiation  as  a  function  of  the  temperature  made  use  of 
the  expansion  of  the  metal  as  a  criterion  of  its  state  of  incandes- 
cence, although  quite  without  reference  to  its  use  as  a  photometric 
standard,  and  he  is  still  of  the  opinion  that  this  affords  the 
simplest  indication  and  one  which  is  much  less  subject  to  varia- 
tions on  account  of  the  impurity  of  the  metal  etc.  than  the 
measurement  of  tlie  electrical  resistance. 

In  1857  Friederich  Zoellner'^'  the  German  astrophysicist  con- 
sidered, in  the  course  of  his  series  of  photometric  studies,  the 
practicability  of  a  standard  of  incandescent  platinum,  the  in- 
trinsic brightness  of  which  was  to  be  defined  in  terms  of  the  heat- 
ing current  but  he  was  unable  to  establish  any  simple  relation 
between  the  luminous  intensity  and  the  current. 

Schwendler^^  in  1878  revived  this  idea  in  modified  form,  but 
without  success.  The  inherent  difficulty,  as  has  been  pointed  out 
by  Liebenthal^^  lies  in  the  rapid  disintegration  of  the  platinum 
wherebv  the  temperature  for  a  given  strength  of  current  is 
subject  to  considerable  chanoe. 

o 

In  the  following  year  (i87o'>  appeared  in  its  first  form  t]:e 
platinum-imit  of  Molle-'-"*  which  five  years  later  was  adopted  by 

i«  E.  L-  Nichols  :  Am.  Jour,  of  Science.  Vol.  XVIII,  p.  446.  (1S79V 

1"  Zeollner  :  Poggendorfs  AtiKalen.  Vol.  C  p.  3S1,  and  CIX.  p.  256. 

^'  Schwendler  :  Zn'ischri/lfur  AtisezcaHdte  EJektHzttHtsIchre.  Vol.  II.  p.  14- 

1^  Liebenthal  :  Praktische  Photoiuetrie,  p.  \x-- 

*^^  Violle  :  Comp!fs  Krndus.  Vol.  SS.  p.  171. 
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the  International  conference  at  Paris  as  the  fundamental  unit 
of  luminous  intensity.  This  unit  has  much  to  recommend  it.  In 
the  first  place  temperature  cannot  be  more  directly  and  accurate- 
ly defined  than  by  the  melting-point  of  a  pure  metal.  The  com- 
position of  the  light  from  melting  platinum  corresponds  more 
nearly  to  that  of  modern  light  sources,  than  that  of  candles,  or 
of  the  carcel,  pentane  or  hefner  standards.  The  increase  of  in- 
tensity to  about  20  candles  is  a  distinct  advantage. 

The  history  of  the  abandonment  of  the  violle,  largely  as  the 
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Fig.  4.— Petavel's  test  of  the  Violle  platinum  standard, 

result  of  Lummer's^^  adverse  report,  on  the  score  of  impracticabil- 
ity and  the  discussion  of  the  various  modifications  and  substitutes 
proposed,  does  not  belong  to  the  period  here  being  considered 
It  should  be  noted,  however,  that  Petavel's-^  experiments,  in 
which  hydrogen  was  used  instead  of  coal  gas  in  the  blast  lamp 
for  melting  the  platinum,  indicate  that  Violle's  standard  is  neither 
impracticable  nor  inaccurate.  The  curve  which  gives  the  in- 
tensity before,  during  and  after  solidification  (See  Fig.  4)  shows 
a  period  of  nearly  a  minute  during  which  the  constancy  is  all 
that  could  be  desired  while  successive  trials  agreed  within  less 
than  one  per  cent. 

-1  IvUninier  :  ZeHschri/t  fui  Instrianentenkunde,  Vol.  XI,  p.  i6i. 
22  Petavel  :  Prncerdings  of  I  he  Royal  Society,  Vol.  lyXV,  p.  469. 
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CONCLUSION. 

That  demand  for  accurate  and  reproducible  standards  of  light 
arose  with  the  development  of  the  two  great  industries  of  gas- 
lighting  and  electric  lighting.  Gas  photometricians  and  electrical 
engineers  worked  at  the  problem  quite  independently  and  have 
been  long  in  reaching  a  common  ground.  Real  progress  began 
only  with  the  definite  abandoning  of  the  candle  and  the  search 
for  new  sources  of  light. 

Most  of  the  work  belongs  to  a  later  period  than  that  covered  by 
these  notes  although  several  of  the  most  interesting  and  im- 
portant investigations  had  their  origin  before  the  year  1884. 
Thus  the  Harcourt^^  pentane  lamp  made  its  first  appearance  in 
1877  and  the  gas  standards  of  Methven^*  and  of  Giroud"^^  date 
from  1878  and  1882  respectively. 

Exceedingly  interesting  proposals  made  independently  by  VioUe, 
Swinburne,  Thompson  and  Blondel  to  use  the  light  from  the 
positive  crater  of  the  carbon  arc  as  a  photometric  standard  were 
based  upon  Abney's^^  observation  in  1878  of  the  constancy  of  the 
intrinsic  brightness  of  this  source. 

This  proposition  which  like  that  of  Violle  for  a  platinum 
standard  was  abandoned  as  infeasible  would  seem  to  have  a  sound 
foundation  since  the  constancy  of  the  temperature  of  the  sur- 
face of  the  crater  has  since  been  established  by  the  investigations 
of  Waidner  and  Burgess^^  at  the  U.  S.  Bureau  of  Standards. 
Complete  reproducibility  would  be  a  question  therefore  of  control 
of  the  location  of  the  crater  and  of  the  use  of  a  standard  quality 
of  carbon. 

The  really  serious  attempts  at  standardization  in  these  various 
cases  occurred  however  after  the  close  of  the  period  with  which 
the  present  paper  has  to  do  and  form  a  part  of  the  modern  rather 
than  of  the  early  history  of  photometric  standards. 

2^  Harcourt  :  See  IvOebenlhal  ;  Photoinetri,  p.  122,  et  seq. 

24  Methven  :  Journal  of  Gas  Lighthig,  Vol.  XXXII,  p.  94. 

25  Giroud  :  Journal  des  Mines  and  Gas,  May,  1882. 

2C  Abnej'  :  Proceedings  of  the  Royal  Society,  Vol.  XXVII,  p.  157. 

-'  Waidner  and  Burge.s.s  :  Bulletin  of  the  Bureau  of  Standards.  Vol.  I,  p.  109. 
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EFFECT  OF  THE  VARIATION  OF  THE  INCIDENT 
ANGLE  ON  THE  COEFFICIENT  OF  DIFFUSED 

REFLECTION.! 


BY  F.   H.  GIIyPIN. 


Although  many  values  that  closely  approach  each  other  have 
been  obtained  as  the  coefficient  of  reflection  for  various  types  and 
colors  of  surfaces,  no  definite  information  has  been  given  as  to 
the  effect  of  the  variation  of  the  angle  with  the  normal  of  the 
incident  ray. 

Were  it  possible  to  obtain  for  this  purpose  a  number  of  surfaces 


Fig.  I.— General  view  of  apparatus. 

of  various  colors  that  were  perfect  diffusers  the  problem  would 
be  comparatively  simple,  as  the  variation  of  the  intensity  would 
follow  the  cosine  law,  the  maximum  equaling  unity  at  the  normal 
reflected  ray.     This  fact  will  be  discussed  later. 

However,  as  the  surface  in  hand  varies  more  and  more  from 
the  quality  of  a  perfect  diffuser,  the  shape  of  the  curve  varies 
more  from  a  circle  or  the  perfect  cosine  curve  until,  for  a  perfect 

^  A  paper  presented  before  the  Philadelphia  Section  of  the  Illuminating  Engineering 
Society,  October  21,  igio. 
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reflector,  there  is  only  one  point  which  is  at  an  angle  from  the 
normal  equal  to  the  angle  formed  by  the  incident  ray. 

In  order  to  furnish  a  criterion  by  which  to  judge  of  the  effect 
of  the  different  incident  angles  on  the  variation  of  the  coefficient 
of  reflection  when  various  types  of  surfaces  are  used,  a  photo- 
metric curve  of  the  reflected  light  in  the  plane  of  the  incident  ray 
must  be  determined.  From  the  curve  thus  obtained  the  ratio 
of  the  lumens  reflected  to  the  lumens  incident  on  the  plane  may 
be  calculated  for  each  incident  angle. 

In  the  apparatus  used  to  obtain  the  curves,  a  spot  of  light,  with 
sharply  defined  edges,  was  thrown  on  the  sample  surface  whicli 
rotated  about  a  central  vertical  line  in  its  plane,  the  surface 
coinciding  with  the  plane  shown  in  Fig.  2. 

The  Hght  source  was  an  upright  mantle  gas  burner  with  a 


/ncancfescenf  Gas  Source 


Axis  or ^fiofometer  Bar 


^J>T^%fJ^r^''  ^,     \  -jr       Lummer-Brocthun  Wor/rinq  Standard 

/oc.p  aecfr/c  f^^^K^      Contrast  d/sc  Tanta/um  mth  Ground 

5urrac)s.  <j/^^5   Screen 

Fig.  2. — Section  of  apparatus. 

clear  chimney.  A  seasoned  mantle  was  used  to  insure  a  constant 
value  of  the  source  during  a  set  of  readings.  The  light  source 
revolved  and  the  test  plane  rotated,  either  together  or  separately, 
through  360°  about  the  same  axis.  Suitable  pointers  and  a 
graduated  scale  indicated  the  relative  position  of  the  plane  and 
the  source  and  the  angle  between  the  plane  and  the  axis  of  the 
photometer.  A  tantalum  lamp,  behind  a  ground  glass  screen, 
was  used  as  a  secondary  bar  standard  of  about  2.5  candles;  it 
was  checked  at  frequent  intervals  against  a  standard  lo-c-p.  car- 
bon lamp.  The  disc  box  used  was  a  Lummer-Brodhun  con- 
trast prism.  All  parts  of  the  apparatus  were  suitably  shielded 
from  each  other  and  from  all  stray  light. 

Owing  to  the  interference  of  the  light  source  and  the  disc  box, 
readings  at  certain  angles  could  not  be  obtained.  The  correspond- 
ing points  on  the  curves  were  obtained  by  interpolation  or  extra- 
polation, which  was  comparatively  simple,  owing  to  the  regularity 
of  the  curves. 
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In  calculating  the  percentage  of  light  reflected  from  a  surface, 
two  quantities  must  be  determined ;  first,  the  total  amount  of  light 
falling  on  it,  or  incident  light,  and,  second,  the  total  amount  of 
light  given  off  by  the  same  surface,  or  reflected  light. 

To  obtain  the  former,  four  quantities  must  be  determined : 
(a) — The  distance  of  the  effective  center  of  the  light  source 
from  the  axis  of  the  surface  in  feet,  (b) — The  area  of  the 
light  spot  on  the  surface  in  square  feet,  (c) — The  intensity  of 
the  light  source  in  candles,  (d) — The  angle  between  the  inci- 
dent ray  and  the  normal. 

The  first  quantity  was  determined  once  for  all  by  revolving 
the  light  source  into  the  line  of  the  axis  of  the  bar,  where  a  di- 
rect comparison  is  made  between  it  and  the  standard  lamp.  A 
large  number  of  readings  with  the  disc  box  at  various  positions 
was  then  taken.  Then  by  equating  the  candle-powers  observed 
at  the  various  points  the  distance  of  the  effective  center  from 
any  fixed  point  was  obtained.  This  distance  was  found  to  be 
27.63  cm.  or  0.905  ft.  from  the  axis  of  the  surface  plane. 

The  area  (b)  was  obtained  by  direct  measurement,  as  it  rep- 
resents a  series  of  oblique  sections  and  does  not  follow  the 
cosine  law,  as  would  a  series  of  similar  sections  of  a  cylinder. 
The  maximum  difference  was  about  4  per  cent.,  due  to  the  di- 
vergence of  the  ray  of  light. 

The  intensity  of  the  light  source  (c)  was  determined  by  di- 
rect reading  in  place  on  the  photometer  bar. 

Angle  (d)  v^as  read  directly  from  disc  and  pointers. 

The  computation  is  as  follows : — 

^     .  ,        ,  Area  X  c-p.  X  cos  0 

Incident  lumens  =  -  ... 

a 

where    c-p.  =  intensity  of  source. 

0  =  incident  angle. 

d  =  distance  from  effective  center  of  light  to  center 
of  spot  on  plane. 

The  angle  for  any  incident  ray  having  been  selected,  the 
light  source  and  plane  were  clamped  for  that  angle ;  both  were 
then  revolved  about  the  fixed  axis  and  five  readings  on  the  pho- 
tometer were  made  at  each  of  the  15°  reflected  light  stations. 
From  these  data  the  candle-power  was  calculated  according  to 
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the  inverse-square  law,  and  a  curve  was  plotted  on  polar  co- 
ordinates for  each  such  incident  angle. 

From  this  curve  values  were  taken  at  ten  prescribed  equal 
zone  angles  in  each  quadrant,  such  that  their  average  gave  the 
mean  hemispherical  candle-power.  The  mean  hemispherical  can- 
dle-power multipHed  by  27r  gives  the  total  lumens  or  the  total 
reflected   light. 

In  the  following  demonstration  the  coefficient  of  reflection  is 
obtained  for  paper  designated  as  No.  5  at  an  incident  angle  of 

45°- 

Incident  Light : — The  area  of  the  lighted  surface  having  been 


P/ane    of  Surface 


Fig.  3. — Theoretical  and  actual  reflection. 


found  by  measurement  and   calculated  to  be  0.0426  sq.   ft.,   at 
45°  the  equation  for  incident  Hght  is  reduced  to: 

0.0426  X  c-p.  X  0.707 


Incident  lumens  = 


0.0368. 


(0.905)' 

Candle-power  of  source  =  ii-93- 

Incident  light  =   11.03   X   0.0368  —  0.439  lumens. 

Reflected  Light: — In  Fig.  3  are  shown  two  curves  marked 
(i)  and  (2),  taken  in  a  horizontal  plane.  No.  i  is  a  theoretical 
curve  for  a  perfect  diffusing  surface  for  light  at  any  incident 
angle,  but  drawn  to  have  the  same  mean  hemispherical  candle- 
power  as  No.  2.  This  curve,  it  will  be  noted,  is  a  circle  and  its 
maximum  candle-power  will  always  show  at  0°  and  its  average 
candle-power  will  always  be  one-half  the  maximum.  No.  2  is 
the  curve  as  actually  obtained  on  paper  No.  5  with  a  45°  in- 
cident angle.  It  is  decidedly  not  a  circle  and  has  none  of  the 
characteristics  of  No.  i.     Therefore,  values  must  be  read  off  at 
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the  equal  zone  angles  shown  by  the  dotted  lines  and  their  mean 
thereby  determined. 

In  order  to  show  the  difference  between  these  characteristics, 
the  value  at  0°  and  equal  zone  angles  are  here  tabulated. 


Reflected 

can 

die-power 

Reflf^cted  can 

die-power 

No. 

,S  Pi 

aper 

Theoretics 

il  curve 

es  for  equal 
zones 

A 

IvCft  side 

Right  side 

I^eft  side 

Right  side 

87°-8^ 

0.007 

0.002 

0.0330 

0.0330 

8l°-22 

0.020 

0.006 

0.0990 

0.0990 

.75°-3i 

0.031 

O.OII 

0.1650 

0.1650 

69°-3i 

0.041 

0.015 

0.2313 

0.2313 

63°-i5 

0.049 

0.019 

0.2975 

0.2975 

56°-38 

0.056 

0.023 

03637 

0.3637 

49°-28 

0.060 

0.028 

0.4297 

0.4297 

4i°-25 

0.062 

0.033 

0.4958 

0.4958 

3i°-47 

0.061 

0.037 

0.5620 

0.5620 

18^-12 

0.056 

0.043 

0.6280 

0.6280 

0.444  0.217  3.3050  3-3050 

0.217  3-305 


20)  0.661  20)  6.61 


0.03305  =  M.  H.  S.  C.  P.      0.03305 
0°  0.0492  0.0661 

which  gives  0.03305  X  6.28  =  0.2075  luniens  reflected. 

^^   .  0.207s 

Efficiency  =  —  X  100  =  47.4  per  cent. 

0.439 

In  the  accompanying  table  and  curves  are  given  the  results  ob- 
tained from  twenty  samples  of  standard  wall  covering  and  a 
white  blotter. 

Apparently  for  a  matt  surface  the  greatest  efficiency  is  ob- 
tained at  45°  angle  of  incidence,  while  for  other  types  of  sur- 
faces the  angle  of  maximum  efficiency  varies — as  a  rule  in- 
creasing with  the  angle.  For  two  like  colors  but  different  sur- 
faces there  is  quite  a  different  efficiency,  as  in  10,  7  and  18; 
13  and  14;  15  and  16;  and  11  and  12. 

Taking  the  above  as  a  basis,  the  general  effect  on  illumina- 
tion with  various  wall  coverings,  assuming  the  same  colors,  could 
be  stated  as  follows : 

For  high  narrow  rooms,  for  indirect  lighting,  or  where  the 
lamps  are  placed  near  the  walls,  a  glossy  paper  will  give  the  best 
results,  while  for  wide  fiat  rooms  or  centrally  located  lamps, 
the  difference  between  the  rough  and  the  smooth/papers  would 
be  practically  negligible. 
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o-/      aoa    aoe    ao4    aoz 


Apparent  oanaie  pptver 
0^08    ao6    ao4    oob 


/S"  iO°  45° 

Tests  of  papers  i  and  2. 


Micro-photograph  of  paper  No.  2. 
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Tests  of  papers  3  and  6. 


Micro-photograph  of  paper  No. 
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Tests  of  papers  4  and  7. 


Micro-photograph  of  paper  No.  4. 
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Tests  of  papers  5  and  q 
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Micro-photograph  of  paper  No.  5. 
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Tests  of  papers  S  and  10. 


Micro-photograph  of  paper  No.  8. 
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Tests  of  paper  No.  ii  and  white  blotting  paper. 


Micro-photograph  of  white  blotting  paper 
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Tests  of  papers  12  and  i^. 
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Test  of  paper  No.  14. 


Tests  of  papers  15  and  16. 
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Tests  of  papers  17  and  18. 
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Micro-photograph  of  paper  No.  18. 
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Micro-photograph  of  paper  No.  20. 
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DISCUSSION. 

Mr.  J.  D.  Israel: — The  author  is  to  be  congratulated  upon  the 
manner  in  which  he  has  presented  his  paper,  for  he  shows  just 
how  to  arrive  at  the  practical  results  which  should  give  good 
illuminating  effects.  The  majority  of  us,  being  connected  with 
illuminating  companies,  for  good  reasons  wish  to  interest  those 
people  who  are  assoc^'ated  with  us  outside  of  our  companies.  We 
should  be  informed  on  these  scientific  principles  and  understand 
why  we  recommend  certain  things  to  these  outside  allied  interests. 
It  is  necessary  for  us  to  learn  the  scientific  principles. 

We  should  acquaint  such  people  with  the  principles  that  are 
mentioned  in  the  paper,  let  them  know  what  the  paper  means  to 
them,  and  tell  them  what  they  should  produce  to  get  not  only 
aesthetic  effects,  but  also  to  get  good  illuminating  engineering 
effects.  We  should  recommend  our  society  to  decorators  and 
architects.  We  should  recommend  to  consumers  what  kind  of 
paper  they  should  use  to  give  them  the  best  results  in  their 
various  rooms.  While  all  of  us  do  not  apply  these  scientific 
rules,  I  think  all  of  us  ought  to  realize  how  much  they  are  worth 
to  the  commercial  men. 

Mr.  Geo.  S.  Barrozvs: — How  does  the  author  determine  the 
distinction  that  he  makes  between  high,  narrow  rooms,  and  wide, 
flat  rooms,  and  the  kind  of  paper  which  should  be  used  in  each? 

Mr.  Gilpin : — The  highest  efficiency  for  glossy  papers  occurs 
at  the  highest  angle  of  reflection,  as  a  higher  reflected  value  is 
obtained  from  them  where  the  light  is  near,  while  for  a  light 
lower  down  the  angle  of  reflection  will  be  greater,  and  the  best 
results  will  be  obtained  from  the  paper  that  has  the  highest  reflect- 
ing value  at  a  smaller  incident  angle.  Most  of  the  papers  are 
much  alike,  the  smoother  papers  giving  good  results  at  the  lower 
angles  of  reflection.  A  glossy  paper  and  a  white  smooth  paper 
do  not  have  the  same  reflection  values.  Papers  Nos.  13  and  14 
are  both  light  pea  green,  having  a  close  color  match.  At  60° 
incident  angle  about  28  per  cent,  reflection  is  obtained  with  the 
glossy,  and  about  21.5  per  cent,  with  the  smooth  paper,  the 
former  giving  the  greater  efficiency  on  the  horizontal  plane : 
whereas,  at  another  angle,  say  30°,  there  would  be  only  about 
one  per  cent,  difiference.     No.  13  shows  25.7  per  cent,  at  45°,  21.4 


870      TRANSACTIONS  OF  II.I.UMINATING  KNGINEE:RING  SOCIETY 

per  cent,  at  30°,  and  18.9  per  cent,  at  15°,  and  No.  14  shows  19.8 
per  cent  at  30",  and  18.8  per  cent,  at  15°.  With  a  low  ceiHng 
the  reflection  would  be  about  18.9°  per  cent,  and  18.8  per  cent, 
which  would  give  about  the  same  results  with  either  the  rough 
or  the  shiny  papers. 

Mr.  W .  H.  Fulweiler : — The  results  reported  in  this  paper  are 
somewhat  complicated  by  the  variation  of  both  the  texture  and 
color  of  the  samples  examined.  Would  it  not  be  possible  to 
secure  samples  of  the  blank  stock  of  the  different  varieties  of  the 
papers  that  were  examined  and  after  bleaching  determine  their 
values  at  the  different  incident  angles?  In  this  way  the  color 
eft'ect  would  be  eliminated  to  a  considerable  extent, 

Mr.  Gilpin: — The  smoother  papers  as  a  rule  were  made  in 
lighter  colors,  and  the  rougher  papers  in  the  darker  shades. 
This  may  be  noticed  in  the  angles  of  papers  examined. 

Mr.  Geo.  S.  Barrows: — Apparently  some  of  those  papers  are 
made  out  of  dyed  pulp.  Would  it  make  any  difference  if  the 
color  was  printed  on  the  paper?  Do  these  same  principles  apply 
to  painted  surfaces? 

Mr.  Gilpin: — I  imagine  that  in  some  of  the  bluish  papers  the 
color  was  dyed  in,  whereas  in  the  others  the  color  was  put  on 
afterwards.  In  the  duplex  papers  the  colors  are  different  on 
back  and  front.  As  regards  the  paint,  I  do  not  think  there  is 
enough  difference  in  this  to  be  noticeable  except  in  the  case  of 
a  sand-faced  wall.  The  same  effect  would  be  obtained  with  the 
smooth  paper  as  with  the  rough,  unless  the  surface  was  varnished. 

Chairman,  IV m.  J.  Serrill : — If  the  paper  is  a  perfect  re- 
flector, and  the  beam  of  light  is  incident  on  the  paper  at  an  angle 
of  45°,  all  the  light  would  be  reflected  at  45°.  At  the  other 
extreme,  if  the  paper  is  a  perfect  diffuser,  no  matter  what  is  the 
angle  of  incidence  of  the  beam  of  light,  there  would  be  obtained 
a  circular  curve,  so  that  whether  the  light  comes  on  at  60°,  45° 
or  at  15°,  the  intensity  of  the  reflected  light  is  still  maximum  at 
90°.  Can  the  areas  of  the  curves  be  taken  to  represent 
comparatively  the  volumes  of  light  reflected  from  the  papers  ? 

Mr.  Walton  Forstall : — As  I  understand  it,  were  it  not  for  the 
diffusion  caused  by  the  paper^  the  curve  would  be  a  straight  line. 
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Mr.  Gilpin : — Yes,  and  the  more  the  reflection  the  greater  will 
be  the  distortion. 

Mr.  Walton  forstall : — Paper  No.  3  shows  a  lower  percentage 
of  efficiency  than  does  paper  No.  2.     Why  is  that  ? 

Mr.  Gilpin: — It  is  due  to  the  difference  in  color. 

Mr.  Walton  Forstall: — I  had  an  idea  that  since  the  curve  of 
paper  No.  3  is  more  nearly  circular  that  that  of  any  other  paper 
shown,  No.  3  would  show  the  highest  efficiency  in  the  table.  I 
understand  now  that  the  difference  in  color  plays  a  strong  part 
in  the  values,  and  hence  the  relative  efficiencies  in  the  table  cannot 
be  predicated  by  the  approach  of  the  various  curves  to  a  circle. 

Chairman: — The  color  may  affect  the  size  of  the  curve,  but 
the  shape  of  the  curve  is  almost  entirely  a  function  of  the  sur- 
face of  the  paper. 

Mr.  Gilpin: — That  is  what  I  tried  to  find  out.  There  does 
not  seem  to  be  any  degree  of  roughness  or  smoothness  that 
gives  any  definite  result.  .  There  may  be  a  maximum  or  minimum; 
point  of  diffusion  due  to  roughness  or  smoothness ;  I  do  not  know 
what  it  is. 

Mr.  Preston  S.  Millar : — I  fancy  that  none  of  us  quite  appreciate 
the  difficulty,  the  amount  of  labor  and  time  spent  in  Mr.  Gilpin's 
investigation.  The  care  that  has  been  exerted  on  each  little 
detail  is  reflected  in  the  paper ;  it  is  easy  to  see  that  each  step  has 
been  very  carefully  considered.  An  investigation  was  made  to 
determine  the  effective  centre  of  the  incandescent  mantle  light 
source.  I  wish  the  author  had  stated  where  that  effective  centre 
lay;  it  would  be  valuable  to  photometrists  to  have  in  mind,  and 
in  that  same  connection  it  seems  to  me  that  unless  that  is  stated,, 
he  will  have  gone  to  a  great  deal  of  trouble  for  nothing,  because 
there  is  a  form  of  incandescent  electric  lamp  in  which  the  fila- 
ment is  actually  in  one  plane,  and  the  centre  of  the  light  source 
can  be  established  in  about  two  minutes,  instead  of  establishing 
it  by  the  elaborate  process  here  employed  for  the  incandescent 
mantle. 

Has  the  author  taken  into  consideration  the  possibility  of  any 
variable  being  introduced  by  alteration  of  the  direction  of  incident 
light?  It  is  possible  that  if  the  light  were  brought  under  the 
paper   from   a   direction   removed   from   that    in   which   it   was 
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incident  in  the  first  place,  the  reflection  might  be  slightly  different. 

I  am  sorry  Mr.  Gilpin  inserted  that  paragraph  where  he  says : — 

"  For  high  narrow  rooms,  for  indirect  lighting,  or  where  the 
lamps  are  placed  near  the  walls,  a  glossy  paper  will  give  the  best 
results,  while  for  wide  flat  rooms  or  centrally  located  rooms,  the 
difference  between  the  rough  and  the  smooth  papers  would  be 
practically  negligible." 

Before  one  can  say  what  will  be  the  best  decoration  for  a  room, 
he  must  find  out  what  is  best,  and  it  is  questionable  if  we  can 
state  without  qualification  what  is  the  best.  I  do  not  think  a 
photometer  room  with  a  photometer  bar  is  the  best  place  to 
investigate  the  effect  of  papers  on  high  narrow  rooms  and  wide 
flat  rooms,  and  I  regret  that  such  conclusions  should  be  drawn 
from  an  investigation  of  wall  papers,  although  the  investigation 
in  itself  is  a  very  admirable  piece  of  work. 

Mr.  Gilpin: — I  used  a  ^  in.  circular  hole  in  the  diaphragm 
to  determine  the  effective  centre. 

Mr.  Millar: — Did  you  use  ground  glass? 

Mr.  Gilpin : — No,  it  was  a  thin  plate,  no  glass  at  all. 

Mr.  Millar: — Then  the  effective  centre  was  nearer  the  disc 
surface  than  the  surface  of  the  mantle? 

Mr.  Gilpin: — Yes,  in  this  case.  I  investigated  the  difference 
of  reflection  at  90°  and  at  45°,  and  found  it  would  not  make 
much  difference  with  a  paper  that  had  a  granular  or  a  smooth 
surface.  There  were  no  definite  results  obtained  in  regard  to 
the  actual  effect  in  rooms;  the  time  was  too  short. 

Mr.  W.  F.  Little: — I  wish  to  express  my  appreciation  of  the 
paper,  with  particular  reference  to  the  complete  description  the 
author  gives  of  his  methods.  We  read  frequently  of  the  absorp- 
tion and  diffusive  powers  we  should  expect  from  different  sur- 
faces, but  are  usually  left  in  total  ignorance  of  the  limitations 
of  the  values  given.  Does  the  author  believe  it  safe  to  assume 
that  the  .total  flux  from  a  surface  is  proportional  to  the  single 
plane  investigated,  when  the  plane  investigated  is  that  of  the 
incident  light?  Suppose  the  plane  studied  had  been  taken  both 
perpendicular  to  the  surface  and  to  the  plane  of  the  incident  light, 
would  the  curve  so  obtained  be  a  circle  as  assumed?  Some 
street  investigation  work  done  in  New  York,  though  hardly  in 
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this  line,  still  substantiates  some  results  given  in  the  paper.  The 
reflected  light  in  various  angles  around  a  spot  on  the  street  was 
measured,  and  it  was  found  in  some  cases  that,  as  the  author  has 
shown,  the  peak  in  the  plane  of  incident  light  would  give  the 
same  average  value  as  the  plane  investigated  by  him.  Are  the 
values  given  in  the  paper  proportional  to  the  total  flux  from  the 
surface  studied? 

Chairman  Serrill: — Mr.  Little  probably  refers  to  the  mathe- 
matical assumption  as  to  the  light  emitted.  Mr.  Gilpin  put  a 
spot  of  light  on  the  paper,  and  plotted  a  polar  curve  around  this 
spot  considered  as  the  source  of  light.  Having  obtained  this 
curve,  he  multiplies  the  average  candle-power  obtained  from  it 
by  27r  and  thus  gets  the  total  lumens.  It  is  not  entirely  clear  that 
the  assumption  here  made  is  correct. 

Mr.  Gilpin : — I  used  Dr.  Rosa's  theory  about  light  distribution 
from  a  small  disc.  Instead  of  the  disc,  a  spot  of  light  was  used. 
In  the  case  of  a  perfect  circle  of  light  distribution  from  a  spot  of 
light,  the  same  plane  section  is  gotten  on  any  diameter.  With  a 
distorted  curve  the  surface  of  revolution  would  be  somewhat 
changed. 

Mr.  Preston  S.  Millar: — If  I  may  say  another  word,  I  think 
the  relations  can  be  made  clear  by  stating  them  in  this  way: 
Suppose  that  with  a  mirror;  the  light  is  incident  at  40°,  and  on 
the  same  plane  the  reflected  light  would  have  a  very  high  value. 
For  investigating  that  plane  we  measure  that  reflected  value,  and 
assume  that  in  all  other  planes  there  is  the  same  value,  but  there 
would  be  practically  no  light  in  any  other  plane,  and  one  would 
have  to  average  the  light  in  every  plane,  which  would  show  de- 
creased values,  whereas  in  the  first  place  the  value  would  be  high. 
Possibly  there  is  some  allowance  to  be  made  for  such  results. 
Certainly  I  do  not  think  any  such  exhaustive  research  has  been 
made  before  on  this  subject,  and  we  now  know  a  whole  lot  more 
about  wall  papers  than  we  did  formerly. 
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GOOD  LIGHTING  FROM  A  FACTORY  VIEWPOINT.^ 


BY  JOSEPH   NEWMAN,   JR. 


The  keynote  of  the  modern  factory  system  is  efficiency,  and 
efficiency  is  greatly  aided  by  keeping  production  at  its  maximum 
during  the  entire  length  of  the  working  day.  Those  who  are 
familiar  with  factory  conditions  know  how  great  is  the  tendency 
of  production  to  slacken  as  the  hours  of  darkness  approach,  thus 
lessening  the  total  output  and  decreasing  the  shop  efficiency.  In 
some  measure  this  slackening  may  be  due  to  the  fact  that  the 
average  human  being  cannot  maintain  the  maximum  pace  for  the 
standard  factory  day  of  ten  hours.  However,  this  does  not  enter 
into  the  present  discussion. 

The  other  most  potent  reason  for  this  falling  off  is  in  the 
majority  of  shops  the  difficulty  of  approximating  daylight  con- 
ditions by  means  of  artificial  light.  Few  factory  managers  in 
the  past  have  been  willing  to  believe  that  money  spent  to  make 
the  transition  from  daylight  to  artificial  light  as  little  apparent 
to  the  employees  as  possible  would  pay  dividends.  It  may  be  that 
before  the  advent  of  the  new  high-efficiency  lamps  he  was  right, 
as  the  expense  of  tripling  or  quadrupling  the  lighting  he  then  had, 
as  many  would  have  had  to  do,  would  have  nearly  counter- 
balanced the  gain  in  production,  especially  as  the  cost  of  addition- 
al equipment  would  be  a  large  item.  This  is  most  true  of  those 
factories  which  have  a  good  supply  of  natural  light  during  work- 
ing hours  for  a  considerable  portion  of  the  year. 

The  development  of  more  efficient  methods  of  lighting  has  been 
coincident  with  the  increasing  pressure  of  higher  labor  and 
material  costs  in  all  lines  of  manufacture.  Economies  which 
would  not  have  been  considered  a  few  years  ago  are  eagerly 
sought  after  and  put  into  effect.  Waste  is  abhorred  as  greatly 
as  scientists  used  to  believe  that  nature  abhorred  a  vacuum. 
Lack  of  light  has  undoubtedly  caused  a  large  amount  of  waste 
human  energy  and  of  material.  As  labor  has  become  more 
valuable  and  more  independent,  the  comfort  and  well  being  of 

^  A  paper  presented  before  the  Chicago  Section  of  the  Uluminating  Engineering 
Society,  on  October  13,  1910. 
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employees  have  been  seen  by  the  more  broad  minded  to  create  a 
valuable  asset  in  the  lessening  of  these  class  differences  which 
cause  so  much  economic  waste.  Well  lighted,  well  ventilated 
shops  make  for  peace  of  mind  and  are  very  important  factors  of 
an  efficient  organization. 

Another  reason  for  insisting  on  the  economy  of  good  light- 
ing is  the  bearing  it  has  on  the  accident  account.  It  has  been 
brought  home  to  us  that  the  price  paid  for  the  privilege  of  maim- 
ing our  fellow  men  has  been  too  high.  Millions  of  dollars  are 
paid  every  year  because  of  unguarded  machinery  and  badly  lighted 
shops.  If  the  injured  were  being  compensated  for  their  injuries 
the  situation  would  not  have  aroused  so  much  public  interest, 
but  the  fact  is  we  are  using  the  money  which  should  go  to  this 
end  to  feed  a  small  army  of  lawyers.  As  it  is  perfectly  feasible 
to  eliminate  accidents  due  to  lack  of  light  in  our  shops,  it  should 
be  done  from  a  humanitarian  and  conservation  standpoint. 

It  has  become  axiomatic  in  the  mercantile  world  that  the  best 
possible  lighting  is  a  very  valuable  asset  and  the  idea  has  slowly 
percolated  down  to  the  shop.  The  factory  manager  is  now  ask- 
ing for  good  light,  and  how  it  may  be  obtained  at  a  reasonable 
cost.  When  he  asks  for  good  light  he  means  such  light  as  will 
prevent  accidents  and  keep  the  rate  of  production  in  the  shop 
as  high  as  during  the  hours  of  daylight.  If  attention  is  con- 
centrated on  the  latter  consideration  it  will  invariably  be  found 
that  prevention  of  accidents  has  been  cared  for  at  the  same  time. 

To  obtain  maximum  returns  for  the  smallest  outlay,  considera- 
tion must  be  given  to  the  article  manufactured  and  all  the 
attending  circumstances,  such  as  the  possibility  of  keeping  shop 
walls  and  ceilings  clean  and  of  a  light  tint,  the  color  of  the  manu- 
factured product,  the  size  of  the  parts  made  and  the  operations 
performed  on  them.  The  shape  of  the  machines  used  for  the 
various  operations  has  considerable  to  do  with  the  amount  and 
distribution  of  the  light,  as  have  also  the  degree  of  accuracy 
necessary  and  how  nearly  the  machines  are  automatic.  It  is 
also  necessary  to  consider  the  number  of  parts  per  unit  of  time 
and  the  closeness  with  which  it  is  necessary  to  inspect  them  to 
detect  flaws.  The  modern  factory  is,  as  a  general  thing,  on  a 
piecework  basis,  and  this  has  a  bearing  on  the  amount  of  light 
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required,  as  poor  light  means  poor  and  careless  work  passing- 
undetected. 

It  is  appropriate  to  take  the  different  parts  of  the  shop  in  turn 
and  consider  their  requirements,  commencing  with  the  foundries 
and  following  the  processes  in  the  shop  to  their  completion,  and 
the  storage  of  the  machines  in  the  warehouses. 

In  the  foundries,  where  the  larger  castings  are  made,  the  light- 
ing must  be  fairly  even,  avoiding  dense  shadows,  but  the  in- 
tensity need  not  be  great.  Buildings  used  for  this  class  of  work 
are  always  provided  with  cranes,  and  lamps  must  be  hung  high  to 
avoid  them.  This  means  units  of  high  candle-power  and  enough 
of  them'  to  overcome  the  great  absorptive  power  of  the  black 
moulding  sand.  For  small  castings  not  only  must  good  general 
illumination  be  secured,  but  each  molder  must  be  supplied  with  a 
small  unit  at  his  bench  or  stall  for  the  accurate  setting  of  cores 
and  finishing  molds.  This  is  especially  true  of  malleable  foundries 
where  the  castings  are  thin  and  of  intricate  design.  As  a  general 
thing  the  benches  are  so  arranged  that  the  molder  works  with 
his  face  to  the  wall  and  the  light  comes  over  his  shoulder.  The 
intensity  required  is  so  great  and  the  amount  of  space  occupied 
per. man  so  large  that  it  is  impractical  to  raise  the  general  light- 
ing sufficiently  to  do  away  with  the  hand  lamps.  It  is  also  im- 
possible to  change  the  position  of  the  molding  floors.  In  all 
cases  of  this  kind  the  hghting  must  conform  to  the  other  re- 
quirements of  operation,  it  being  one  of  the  conditions  of  every 
lighting  problem  in  a  factory  that  the  plan  of  the  shop  is  fixed 
and  the  lighting  must  be  arranged  to  suit  this  plan. 

Malleable  foundrie:-  require  a  larger  amount  of  general  il- 
lumination than  do  those  in  which  gray  iron  is  made,  as,  on 
account  of  the  method  of  pouring  and  the  high  temperature  of 
the  metal,  great  quantities  of  steam  and  smoke  arise  from  the 
molds,  which  in  cold  and  humid  weather  make  adequate  lighting 
almost  impossible.  This  condition  lasts  only  a  short  time  during 
the  latter  part  of  the  heat  and  as  the  molds  are  cooling,  but  un- 
less the  ventilating  conditions  are  exceptional  the  fog  is  dense. 
In  foundry  work,  where  no  help  can  be  obtained  from  reflect- 
ing surfaces,  it  is  necessary  to  expend  enough  energy  to  furnish 
from  one-half  to  one  candle-power  per  square  foot  of  floor  area, 
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depending  upon  the  height  at  which  it  is  necessary  to  hang  the 
lamps  and  the  amount  of  smoke  and  vapor  generated.  This  value 
ignores  all  portable  lamps  which  it  may  be  necessary  to  pro- 
vide for  the  finer  work.  With  machine  molding,  where  the 
machine  is  moved  over  the  whole  floor,  the  general  illumination 
described  is  almost  always  sufficient,  very  few  portable  lamps 
being  necessary.  For  heights  less  than  20  feet,  units  of  300  or 
400  candle-power,  with  good  reflectors,  give  the  best  results,  the 
light  being  given  a  more  or  less  extensive  distribution. 

In  machine  shops,  where  general  cleanliness  can  be  maintained, 
a  smaller  expenditure  of  energy  than  in  foundries  will  give  good 
results.  The  work  must  be  well  lighted  but  the  general  surround- 
ings do  not  need  a  high  degree  of  illumination.  An  expendi- 
ture of  energy  resulting  in  the  lighting  of  four  square  feet  per 
candle-power  will  with  good  reflectors  be  sufficient  if  the  light  is 
well  distributed.  This  means  from  0.5  to  1.5  foot-candles  on  a 
plane  thirty  inches  from  the  floor,  the  lamps  being  hung  10.5 
feet  high. 

The  machine  shops  I  assumed  are  those  where  most  of  the 
parts  are  small,  ranging  in  size  from  i  to  100  pounds,  and  the 
operations  are  of  a  more  or  less  simple  nature,  such  as  drilling 
and  facing  and  the  simplest  kind  of  lathe  work.  A  large  part  of 
the  operations  are  performed  by  placing  the  castings  in  jigs  and 
starting  the  tool.  Very  little  judgment  is  required,  the  operator's 
ability  being  limited  to  rapid  movement.  In  this  class  of  work, 
where  the  whole  shop  becomes,  n.s  it  were,  one  large  machine  the 
material  following  one  definite  course  from  department  to  de- 
partment group,  driving  with  a  multipHcity  of  belts  and  shafting 
is  the  rule.  This  is  further  complicated  by  posts  at  frequent 
intervals  obstructing  the  view  and  casting  more  or  less  dense 
shadows. 

Lamps  of  comparatively  small  size  seem  best  suited  to  these 
conditions,  80  candle-power  being  a  convenient  unit.  Where 
lamps  of  twice  this  size  or  larger  have  been  tried  a  far  greater 
number  of  8-c-p.  and  i6-c-p.  lamps  must  be  installed  to  give  the 
desired  results.  This  increases  the  first  cost  of  the  equipment 
and  also  the  maintenance  cost.  Large  enameled  intensive  shades 
are  the  most  useful,  as  wide  variation  in  light  between  the  lamps 
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is  not  objectionable,  and  in  order  to  get  the  best  results  as 
economically  as  possible  it  is  necessary  to  place  the  lamps  at 
irregular  intervals,  concentrating  the  light  on  the  work  and  tools, 
except  in  the  main  gangways.  Lathes  are  practically  the  only 
machines  of  this  type  which  require  individual  lamps. 

Where  punching  and  forming  presses  are  used,  each  machine 
must  have  one  or  more  small  lamps  on  some  form  of  adjustable 
fixture,  as  the  work  and  dies  cannot  be  fully  reached  by  any 
general  scheme  of  illumination.  Lamps  of  the  8-c-p.  size  seem 
to  be  the  best  suited  to  this  class  of  work  with  the  8o-c-p.  lamps 
under  extensive  shades  for  general  lighting. 

Wood  shops  are  easily  lighted  by  the  judicious  placing  of 
intensive  units  over  the  machines.  Almost  all  of  the  work  can  be 
lighted  from  the  top,  the  ability  to  see  the  grain  of  the  wood  be- 
ing one  of  the  most  important  points.  From  its  color,  wood 
is  easy  to  light,  and  the  results  from  the  same  expenditure  of 
energy  as  in  machine  shops  are  highly  gratifying. 

In  paint  shops  where  the  results  wanted  are  broad  and  con- 
siderable dipping  is  done,  the  illumination  needed  is  no  greater 
than  in  machine  shops.  The  intensive  shade  has  the  largest 
place  in  this  class  of  work,  also  striping  and  work  of  like  nature 
require  a  greater  intensity  and  this  is  obtained  by  lowering  the 
lamp  and  using  a  closer  spacing. 

In  warehouses,  which  are  only  used  for  storage,  a  very  low 
intensity  is  all  that  is  required  except  along  the  main  gangways 
where  there  is  much  traffic.  Lamps  of  i6-c-p.  spaced  i6  feet 
apart  under  flat  shades  answer  very  well.  These  lamps  should 
be  placed  as  close  to  the  ceiling  as  possible  so  that  the  stock  may 
be  piled  almost  up  to  the  roof  girders.  An  evenly  distributed 
light  is  what  is  needed,  the  most  important  point  in  a  case  of  this 
kind  being  that  the  light  shall  always  be  ready  for  use  when 
wanted. 

The  lighting  of  a  factory  is  a  comparatively  simple  matter. 
The  one  feature  to  which  nmst  be  subordinated  all  others  is 
reliability.  Simplicity  is  the  second,  and  cost  of  maintenance  the 
third  in  order.  Simplicity  and  reliability  are  usually  found  to- 
gether. 

It  is  understood  that  the  conditions  considered  above  are  those 
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of  a  plant  already  in  existence,  with  a  lighting  system  installed 
and  that  the  discussion  relates  to  methods  of  bringing  it  up  to 
what  is  considered  a  modern  standard.  First  cost  is  often  the 
determining  factor  when  the  necessity  for  a  change  in  the  light- 
ing system  has  made  itself  apparent.  This  is  especially  true 
when  reliability  and  simplicity  are  combined  with  low  first  cost 
as  against  alleged  low  cost  of  maintenance  and  energy.  In  fact 
the  making  of  improvements  and  replacing  worn-out  apparatus 
without  expending  more  than  the  amount  usually  set  aside  for 
maintenance  is  the  condition  which  has  to  be  met  as  nearly  as 
possible. 

A  good  system  may  be  laid  out,  which  it  is  well  known  will 
increase  the  efficiency  of  the  shop,  but  the  necessary  funds  for 
completely  re-equipping  are  not  forthcoming  and  gradual  re- 
placement is  all  that  can  be  expected.  This  condition  is  one  in 
which  the  tungsten  lamp  has  proved  its  great  value.  A  few 
lamps  are  purchased  with  suitable  shades  and  attached  to 
the  old  system  of  wiring.  The  result  soon  warrants  an  in- 
crease. The  change  is  gradual  but  goes  on  at  an  increasingly 
rapid  rate.  No  expert  force  is  necessary,  as  any  one  can  change 
a  lamp  and  clean  a  shade.  The  supply  of  lamps  is  practically 
unlimited,  and  it  is  never  necessary  to  wait  for  deliveries. 

The  author  recalls  a  case  where  it  was  necessary  on  account  of 
the  uncertain  hours  during  which  a  foundry  needed  light,  com- 
bined with  the  age  and  general  decrepitude  of  an  open  arc  in- 
stallation, to  keep  a  man  on  night  duty  the  year  around.  An  out- 
age meant  darkness  over  a  large  part  of  the  foundry  and  an  open 
circuit  meant  curses  both  loud  and  deep.  At  its  best  the  light- 
ing was  uneven  and  unsatisfactory.  A  large  number  of  incan- 
descent lamps  were  used  as  an  auxiliary  to  the  arc  system. 
Plans  were  submitted  but  were  objected  to  on  account  of  the  large 
lump  sum  it  would  have  cost  to  completely  re-equip  the  shop. 
Shortly  after  this  the  tungsten  lamp  came  into  the  market  and 
while  the  stories  told  of  breakage  made  the  venture  dubious,  a 
dozen  were  purchased  and  installed  where  the  need  was  greatest. 
The  life  of  these  lamps  exceeded  expectations,  and  a  few  more 
were  ordered..  By  reason  of  a  well  equipped  sheet  metal  de- 
partment, shades  in  the  form  of  a  large  cone  were  easily  made 


88o      TRANSACTIONS  OF  ILIvUMINATlNG  ENGINEERING  SOCIETY 

from  sheet  iron,  sign  socket  and  aluminum  paint.  The  foundry 
men  found  that  they  always  had  light  when  they  wanted  it  with- 
out the  aid  of  the  trimmer,  and  that  by  reason  of  its  distribution 
in  smaller  units  it  was  far  more  efficient.  In  about  eighteen 
months  the  night  trimmer  had  been  dispensed  with  and  a  system 
which  required  only  about  three  hours  attention  per  week  for 
cleaning  has  been  installed. 

The  success  attending  the  foundry  installation  led  to  the  use  of 
tungsten  lamps  in  other  parts  of  the  shops  for  replacing  clusters. 
A  busy  season  brought  a  demand  for  the  maximum  production  of 
the  organization,  and  more  light  was  needed  in  all  parts  of  the 
shop.  The  simplest  and  quickest  method  of  obtaining  results  was 
the  installation  of  lOO-watt  tungsten  lamps,  which  seemed  to  be 
the  ideal  size  for  the  distribution  of  light  needed. 

Better  reflectors  were  seen  to  be  greatly  needed  for  maximum 
results.  Intensive  and  extensive  steel  shades  although  adver- 
tised, could  not  be  obtained.  There  was  finally  found  a  i6-in. 
porcelain  enameled  bowl  shade  which  gave  an  intensive  distribu- 
tion and  was  very  durable  and  efficient.  With  this  shade  and 
the  lOO-watt  lamp,  experiments  were  conducted  in  particularly 
dark  rooms  where  the  need  of  more  light  had  made  itself  most 
manifest.  It  was  found  that  ample  light  for  all  general  opera- 
tions could  be  obtained  by  i8  feet  spacings  at  a  height  of  10.5 
feet.  One  of  the  rooms  experimented  with  was  devoted  to  punch 
press  operations,  and  it  was  found  impossible  to  dispense  with 
individual  lamps  at  the  machines.  For  this  work  the  ideas  of 
another  institution  having  similar  work  were  borrowed,  and 
8-c-p.  lamps  on  the  simplest  form  of  adjustable  fixtures  were 
used. 

The  reflector  is  the  factor  upon  which  the  success  or  failure  of 
the  lighting  depends.  Porcelain  enamel  finish  is  the  only  one 
which  has  proved  itself  sufficiently  durable  and  the  intensive 
distribution  of  light  is  the  one  which  finds  the  largest  use. 

Reflectors  are  the  most  efficient  in  the  larger  sizes ;  that  is,  of 
two  reflectors  designed  for  the  same  distribution  of  light  with  a 
given  lamp,  the  one  having  the  largest  area  will  give  the  best 
results. 

To  sum  up  in  the  light  of  past  experience,  the  factory  needs  a 
lighting  system  at  a  minimum  first  cost  even  at  the  sacrifice  of 
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some  efficiency.  It  needs  a  system  which  will  give  24-hour 
service  with  a  minimum  of  unintelHgent  attention.  It  needs  a 
unit  which  will  fit  naturally  into  the  divisions  of  shop  space  made 
by  the  post-supported  mill  construction.  It  needs  a  large  per 
cent,  of  the  light  concentrated  on  the  machines  and  work  but 
enough  light  in  all  parts  of  the  shop  area  to  make  movement  as 
safe  and  free  as  under  daylight  conditions. 

The  problem  is  not  difficult  to  solve  if  attended  with  the  same 
energy  that  is  given  to  lighting  the  goods  on  sale  after  manu- 
facture, and  the  author  believes  the  time  has  come  when  it  will 
receive  that  attention. 

DISCUSSION. 

Mr.  C\  W.  Price : — A  few  days  ago  I  visited  one  of  the  smaller 
works  of  the  International  Harvester  Company  with  a  Com- 
mittee from  Milwaukee  who  were  investigating  protection  against 
injury.  This  works  originally  was  one  of  the  typical  old  style 
factories,  with  low,  dark  rooms,  and  with  no  adequate  lighting 
facilities.  It  has  recently  been  remodeled  by  one  of  the  most 
progressive  and  enthusiastic  young  superintendents,  v*^ith  most 
surprising  results.  The  members  of  the  committee  were  sur- 
prised and  pleased  with  the  atmosphere  of  light  and  cheerful- 
ness in  all  the  rooms.  Each  room  is  white-washed  and  clean, 
and  the  windows  are  kept  clean.  In  this  factory  a  new  system 
of  lighting,  as  described  by  Mr.  Newman,  is  being  installed,  and 
in  some  rooms  the  lamps  are  kept  in  service  during  the  day  so 
that  every  room  in  the  shop  is  either  artificially  or  naturally 
lighted  during  working  hours.  No  one  but  men  who  have  had 
experience  in  shops  can  appreciate  what  this  means  from  a  manu- 
facturing standpoint.  I  learned  the  other  day  that  in  this  works 
there  is  only  about  one-half  the  number  of  changes  in  the  em- 
ployees as  in  some  of  the  other  factories  of  the  company  which 
as  yet  are  not  so  well  cared  for  along  sanitary  lines.  I  believe 
the  lighting  is  partially  responsible  for  this  result. 

The  superintendent  of  an  automobile  factory  in  Ohio  said 
recently  that  he  was  able  easily  to  hire  men  away  from  the  other 
automobile  factories  where  the  sanitary  conditions  and  the  light- 
ing are  not  so  good.  The  class  of  men  he  employs  are  young 
and  of  a  high  grade.     Some  of  them,  on  being  questioned,  stated 
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that  the  reason  why  they  wished  to  work  at  this  plant  was  be- 
cause of  the  better  conditions.  I  think  manufacturers  all  over 
the  country  are  awakening  to  an  appreciation  of  better  sanitary 
conditions  in  shops,  not  only  from  a  humane  standpoint,  but  much 
more  from  an  economic  manufacturing  standpoint. 

Mr.  IV.  B.  Walter: — In  Philadelphia,  the  Curtis  Publishing 
Company  is  studying  out  the  lighting  problem  of  its  new  build- 
ing with  a  great  deal  of  care,  and  my  mission  in  Chicago  is  partly 
to  see  what  the  West  has  to  show.  Women  in  particular  are 
affected  by  imperfect  lighting.  Their  system  seems  to  be  sus- 
ceptible to  drafts,  poor  Hght,  etc.,  and  as  we  have  in  our  employ 
several  thousand  women,  we  have  taken  pains  to  study  this 
problem.  I  hope  that  with  the  assistance  of  illuminating  engineers 
we  may  be  able  to  solve  some  of  these  problems  ourselves. 

Mr.  F.  R.  Frost: — The  importance  of  proper  lighting,  as 
brought  out  by  Mr.  Newman,  is  certainly  very  interesting.  In 
the  first  place,  there  is  the  increase  in  the  efficiency  of  the  men 
due  to  proper  lighting,  and  in  the  second  place  the  danger  from 
accidents  is  reduced,  and  the  increase  in  the  output  of  the  shop 
which  can  be  brought  about  by  the  proper  lighting.  I  think 
there  should  be  more  study  given  to  factory  conditions  with  the 
idea  of  providing  more  general  illumination.  The  effect  of  poor 
lighting  upon  the  mind  and  also  upon  the  health  of  the  men  is 
indeed  considerable,  and  the  money  spent  in  producing  good 
illumination   is   certainly  productive  of  dividends. 

Mr.  A.  T.  Hunt: — As  far  as  factory  illumination,  as  applied 
to  railway  shops,  is  concerned  I  believe  that  greater  efficiency  can 
be  obtained  from  the  men,  as  well  as  greater  output,  by  using 
proper  general  illumination.  As  Mr.  Newman  said,  it  is  abso- 
lutely necessary  to  have  illumination  at  the  various  machines, 
but  the  fact  remains  that  the  effect  upon  the  men,  in  regard  to 
their  general  cheerfulness  in  the  shop,  depends  largely  upon 
the  complete  illumination  of  the  entire  floor ;  this  fact  is  being 
recognized  more  and  more. 

Mr.  Albert  Scheihlc : — Did  the  author's  studies  include  any 
data  as  to  the  actual  cost  of  the  accidents  due  to  lighting?  It 
was  implied  that  there  was  something  of  that  kind. 

Mr.  Newman : — No  actual  records  of  the  cost  were  made.  It 
is  a  matter  that  is  pretty  hard  to  get  at  in  dollars  and  cents. 
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Mr.  C.  IV.  Price: — I  wish  to  mention  one  point  in  regard  to 
the  value  of  light  for  protection  against  injury  which  has  been  a 
great  inspiration  and  encouragement  to  me.  One  of  the  largest 
corporations  in  the  United  States,  which  has  done  the  most 
successful  work  along  the  line  of  protection  against  injury, 
emphasizes  very  strongly  the  value  of  light.  All  of  its  rooms 
are  well  lighted,  and  all  stairways,  runways,  platforms  and  yards 
are  well  lighted.  In  1900  43  men  out  of  every  100  employed  by  the 
company  were  injured  and  lost  time,  with  a  total  of  some  10,000 
employees.  In  1909  the  number  was  reduced  to  19  men  out  of 
each  100  who  were  injured  and  lost  time.  The  superintendent 
of  safety  would  say  that  good  lighting  had  an  important  part 
in  this  result. 

Mr.  Prank  Price : — Recently  I  went  into  a  place  where  some 
two  years  ago  I  had  occasion  to  make  some  rather  radical  changes 
in  the  method  of  lighting,  and  I  looked  over  the  installation,  re- 
marking to  the  manager  that  I  did  not  see  how  we  could  change 
it  to  improve  it  very  much.  He  said  "You  must  remember  one 
thing,  Mr.  Price,  we  keep  the  place  clean,"  I  then  observed  that 
every  reflector  was  shining  and  every  lamp  was  clean,  and  the 
result  was  an  efficiency  of  possibly  twice  that  obtained  in  the 
ordinary  method  of  maintaining  lighting  equipment.  I  hope 
that  the  work  along  the  line  of  improvement  will  bring  out  the 
keeping  of  a  clean  equipment,  the  lamps  as  well  as  the  reflectors. 
That  plan  means  an  average  of  not  less  than  33  per  cent,  better 
efficiency  of  the  lighting  installation.  I  do  not  know  of  any  one 
thing  that  would  mean  greater  improvement  than  the  systematic 
cleaning  of  the  equipment  in  old  installations,  the  proper  in- 
stallation of  lamps  in  the  new  installations,  and  the  installation  of 
the  style  particularly  suited  for  the  case  in  hand. 

Mr.  Newman : — At  the  present  time  the  International  Har- 
vester Company  employs  two,  and  sometimes  more  men  clean- 
ing globes  and  reflectors.  The  aim  is  to  keep  everything  clean. 
This  work  is  done  every  week,  and  the  equipment  is  kept  in  very 
fair  shape. 

Mr.  Harry  Sivindell : — Has  Mr.  Newman  any  record  as  to  the 
actual  breakage  of  lamps  in  connection  with  the  cleaning. 

Mr.  Newman : — The  breakage  has  been  so  small  that  we  have 
never  considered  it  necessary  to  keep  any  record  of  that  kind. 
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We  clean  the  lamps  lighted,  and  the  men  realize  the  fact  that  they 
are  fragile.  I  should  say  the  percentage  was  very  small  in  the 
size  we  use,  that  is,  the  lOO-watt  tungsten  lamps. 

Mr.  A.  D.  Curtis: — The  seeing  power  of  the  eye  is  much 
greater  in  case  the  lighting  source  is  out  of  view.  I  do  not  have 
in  mind  indirect  illumination,  as  few  factories  are  adapted  fpr 
such  lighting.  One  can  secure  the  desirable  distribution  of  light 
without  having  the  source  of  light  in  the  range  of  vision,  provided 
a  reflector  of  correct  scientific  design  for  this  purpose  is  used. 
I  have  in  mind  a  reflector  resembling  a  beehive  in  appearance. 
Its  construction  is  such  that  a  broad  distribution  comes  from  the 
reflector,  the  lamp  being  high  enough  so  that  unless  one  is  al- 
most underneath  the  reflector  he  could  not  see  the  lamp  at  all. 
Mr.  J.  R.  Cravath  designed  this  reflector  for  the  Patten  Gym- 
nasium at  Evanston,  but  it  has  prov^en  particularly  desirable 
for  factory  illumination.  Has  this  reflector  received  any  con- 
sideration in  the  tests  of  the  author? 

Mr.  Newman : — The  shade  being  used  is  i6  in.  in  diameter 
and  a  little  over  7  in.  deep.  The  lower  part  of  the  lamp  is  up  in 
the  shade  about  one  inch,  so  that  one  must  get  within  probably 
six  or  eight  feet  from  it  when  the  lamp  is  hung  10  ft.  high  in 
order  to  get  in  direct  range.  We  have  not  found  that  the  ex- 
tensive distribution  gives  the  best  results.  Of  course,  our  whole, 
system  is  based  on  the  use  of  good  general  illumination,  as  well 
as  a  lamp  over  each  machine  if  necessary;  in  the  latter  case  the 
lamp  is  placed  close  to  the  machine. 
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